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Abstract  
Strawberry varieties grown in Australia are mostly introduced, and are predominantly sourced 
from the USA. Consequently, these varieties are well suited to the USA climate. The Australian 
Strawberry Breeding Program focuses on locally bred varieties and the environmental and 
genotypic factors that influence berry quality and flavour profile. As such, enhancing the 
flavour of strawberries (Fragaria x annanasa) is one of the industry highest priorities. The 
breeding program supports this initiative and has resulted in increasing industry acceptance of 
Australian varieties. Most Australian-grown strawberries are produced in open fields and are 
heavily impacted by environmental factors. This research aims to understand the environmental 
effects on strawberry quality attributes [volatile compounds, total soluble solids (sugars) and 
titratable acidity and the consumer preference of the cultivars]. Australian-grown cultivars and 
advanced-breeding lines were analysed for their quality attributes and the influence of growing 
environment on these compounds. These quality attributes were then assessed to identify the 
compounds that were responsible for consumer preference. Levels of some esters, lactones and 
sugars were found to be responsible for the consumer preference of certain genotypes 
compared with others. 
 
Sampling were carried out in two seasons (2013-2014 and 2014-2015) for 15 non-consecutive 
weeks. The sampled commercial cultivars were Albion, Melba, San Andreas, Palomar and 
Camino Real. Apart from these, few advanced-breeding lines were sampled. The advanced-
breeding lines are Australian plant breeding materials selected by the breeders. These lines 
included; 10-004-168, 10-004-165, 10-057-27, 08-029-80, 06-050-202 and 07-048-190. The 
cultivars and Australian advanced-breeding lines contained esters, terpenoids, lactones, 
aldehydes, furans, alcohols and acids. These findings provided sufficient information that 
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Australian advanced-breeding lines contain favourable compounds which are stable in the 
Australian growing condition. 
 
The effect of environmental parameters was analysed. The variation of the volatile compounds, 
sugars and acids were explained using the genotype, environment and GxE interaction. This 
study intended to understand the genotypes that perform well in the Australian growing 
conditions. Furthermore, the current study revealed 39 important strawberry flavour 
compounds with high broad-sense heritability. Analysis of the most and least consumer 
preferred strawberries showed -dodecalactone, ethyl hexanoate, (E)-Hex-2-enyl butanoate, 
TSS, 1-methylethyl hexanoate, mesifurane, methyl octanoate, ethyl butanoate, S-methyl 
thiobutanoate were important for consumer desirability. This study demonstrated that a 
combination of chemical compounds and sugars create better strawberries.  
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1 
1. Literature Review 
 
1.1. Introduction  
This review provides an overview of the current state of knowledge regarding the 
chemical composition and sensory perception of strawberries for future breeding of better 
tasting Australian cultivars. One of the priorities of the strawberry industry is breeding 
strawberries with enhanced flavour that consumers prefer by developing cultivars that are 
suitable for Australian, especially under Victorian growing conditions. Further, the 
quality attributes (volatile compounds, sugars and acids) of Australian-grown 
strawberries, including a discussion of factors that affect the production of these 
attributes, biosynthetic pathways and important genes involved are discussed. This is 
followed by summarising the importance of consumer preference towards better selection 
of genetic material for future breeding. 
1.2. The strawberry plant 
Strawberry, belongs to the genus Fragaria, family Rosaceae, and sub-family Rosideae 
which includes other fruit crops such as apples, blackberry, raspberry, peaches and 
cherries (Folta and Davis, 2006; Hummer and Hancock, 2009). The number of 
chromosomes (x) in strawberries are 7 (Ichijima, 1926) and the genus Fragaria contains 
23 species including 12 diploid (2n=2x=14), 4 tetraploid (2n=4x=28), 1 hexaploid 
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(2n=6x=42) and 4 octoploid (2n=8x=56) species (Folta and Davis, 2006). Fragaria vesca, 
the alphine strawberry or fraise de bois, a diploid, was the first domesticated strawberry 
(Folta and Davis, 2006). Furthermore, the modern cultivated strawberry Fragaria x 
ananassa is a hybrid between F. chiloensis and F. virginiana (Hancock et al., 2008). 
Bringhurst (1990) propose that octoploid genome structure is likely to be 
AAA’A’BBB’B’ where the genome A donor is F. vesca and B donor is F. innumae 
(Bringhurst, 1990; Hummer and Hancock, 2009). 
  
1.3. Botany  
Strawberries are perennial, herbaceous and low growing and can be propagated via 
runners (Davis et al., 2007). Many Fragaria species are dioecious where some are 
hermaphrodic, which contain both carpels and stamens on the same flower (Chandler et 
al., 2012; Davis et al., 2007). Modern strawberry cultivars are hermaphrodic (Davis et 
al., 2007).  Each pollinated pistil develops into a single seeded fruit known as achene 
(Darrow, 1966). Red strawberry flesh is the expanded receptacle of flowers where the 
achenes are the true fruits (Figure 1-1). Achenes are derived from monocarpellary pistils 
and embedded in the receptacle. Fibrovascular strands connect the achenes to the interior 
of the receptacle (Fait et al., 2008).  
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Figure 1-1 Strawberry flower receptacle expands and produce the fleshy part of the 
accessory fruit (circled), achenes. 
 
1.3.1. Cultivated strawberries and breeding 
The origin of cultivated strawberries is believed to be a cross between F. chiloensis and 
F. virginiana from South and North America, respectively which were brought to 
European botanical garden (Darrow, 1966; Davis et al., 2007). F. chiloensis are known 
to contribute large fruits whereas F. virginiana produce reasonable size fruits with unique 
flavours. The hybridisation between these two species produced large, sweet and 
flavourful berries (Darrow, 1966; Folta and Davis, 2006). Two of the best attributes of 
the hybrid are fruit firmness and size. Fruit size of F. virginiana and F. x ananassa are 
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significantly different; fruits of F. virginiana weigh around 1-3g per fruit and F. x 
ananassa weigh around 20g per fruit (Chandler et al., 2012).  Strawberries are highly 
heterozygous because the breeding is performed by pedigree selection. The genetic 
variability among the progeny provides a vast range of desirable characteristics to choose 
from. The best cultivars are then crossed to obtain the superior genotypes. The recurrent 
selection crosses between desirable genotypes are breeding associated pedigree selection. 
In strawberry breeding, selfing is not a popular method for fixing the characteristics as 
this could cause inbreeding depression (Davis et al., 2007).  
 
Strawberries are known to possess a universal appeal to the human senses; sight, smell 
and taste. The attractive colour of strawberries, unique aroma, delicious flavour and 
nutraceutical value make strawberries highly valuable fruit in the horticulture industry. 
The health benefits of strawberries are due to high vitamin C, phenolic compounds and 
folates. Strawberries are low in kilojules and high in dietary fibres (Proteggente et al., 
2002; Schwab et al., 2008). Consumers enjoy strawberries in different forms such as 
fresh, frozen and processed forms (jams, juices and confections).  
 
1.3.2. Strawberry industry 
Strawberries are grown worldwide, especially in the USA, Japan, Spain, Poland, Italy and 
South Korea (Hummer and Hancock, 2009). The USA is the largest producer in the world. 
California and Florida are the two major strawberry suppliers in the USA (University of 
Florida, 2012). Furthermore, strawberry production has increased over the last two 
decades to the fifth most highly consumed fresh fruit in the USA. Similarly, China has a 
large production of strawberries and their domestic production has increased recently 
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(Scott and James, 2011). Worldwide strawberry production has gradually increased from 
2.4 million tonnes in 1992 to 4.5 million tonnes in 2012 where the USA contributes to 
about 36% of the total production (University of Florida, 2012).  
In Australia, strawberries are grown all year around in all states. There are around 620 
strawberry growers in Australia and the main production areas are the Sunshine Coast of 
Queensland, Yarra Valley in Victoria, Adelaide Hills in South Australia and Wannaroo 
and Albany in Western Australia. Australian strawberry industry is capable of producing 
all year around supply for the retail and hospitality market. Strawberries are packed in 
punnets for distribution to the market while second and third grade fruits are sold frozen 
for food processing. In Australia the main focus is the domestic market with small scale 
import of processed products. As of 2010/2011, the largest export markets for Australian 
strawberries are Singapore, followed by Thailand, New Zealand, Hong Kong, and 
Malaysia (Strawberries Australia Inc, 2012). Table 1-1 shows the strawberry production 
in Australia throughout the year; 
 
Table 1-1. Strawberry Production in Australia (Strawberries Australia Inc, 2012) 
State Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec % of Total 
production 
VIC             32% 
QLD             33% 
WA             22% 
SA             10% 
TAS             2% 
NSW             1% 
VIC – Victoria, QLD – Queensland, WA – Western Australia, SA – South Australia, TAS 
– Tasmania, NSW – New South Wales 
  26 
Strawberry consumption is 1.4kg, 3.6kg and 6.4kg per capita in Australia, Japan and the 
USA respectively (Strawberries Australia Inc, 2012). Flavour is considered one of the 
key factors in making strawberry purchase decisions. Flavour varies due to genotype 
and/or environmental effect with some volatile compounds more highly affected by the 
environment than others (discussed further in Section 1.4.3). There are two main types of 
strawberries grown in Australia; short-day and day-neutral. The short-day flowers when 
the day length is shorter than 14h and day-neutral flowers all year. However, the day-
neutral varieties are more sensitive to temperature, as they require approximately 25C to 
start flowering, depending on the genotype (Chandler et al., 2012).  
 
1.4. Strawberry quality traits 
1.4.1. Flavour and volatile compounds 
Strawberry flavour is a complex combination of sweetness, acidity and aroma (Hummer 
and Hancock, 2009). There are at least 300 volatile compounds that contribute to 
strawberry flavour and the relative abundance of each of these compounds varies between 
cultivars. Strawberry flavour arises from a complex mixture of esters, alcohols, aldehydes 
and sulfur compounds (Folta and Davis, 2006; Hummer and Hancock, 2009; Mezzetti, 
2009). However, out of all the volatile compounds, only about 20 compounds have been 
determined to dominate the typical strawberry aroma based on sensory descriptive 
analysis and their odour activity values (OAVs). OAVs are defined as the ratio of volatile 
concentration and odour threshold value (Larsen et al., 1992). Methyl butanoate, ethyl 
butanoate, ethyl hexanoate, ethyl 3-methyl butanoate, hexyl acetate, linalool, furaneol, 
mesifurane and -dodecalactone were ranked high in their OAVs (Du et al., 2011a; Jetti 
et al., 2007). Fruit volatile profile changes throughout the ripening process, due to enzyme 
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activities that convert resident substrates to detectable secondary compounds (Folta and 
Davis, 2006). Many strawberry volatiles are correlated with fruit ripening and 
development and volatile compounds are trace compounds with low vapour pressure that 
plants exploit for defence, pollination or seed distribution (Folta and Davis, 2006; 
Hummer and Hancock, 2009). Furthermore, high levels of titratable acidity and soluble 
solids produce intensely flavoured fruits, while low levels of these compounds produce 
the blandest fruits. (Hummer and Hancock, 2009). Identification of the volatile 
compounds depend on different extraction and separation methods (Schwab et al., 2009). 
One of the most commonly used extraction and separation methods include solid phase 
micro extraction (SPME) with gas chromatography(GC) coupled with mass spectrometry 
(MS) (Jetti et al., 2007). Moreover, GC-Olfactometry and sensory analysis were used for 
quality and quantity evaluation of sensory attributes and to determine the odourants 
contributing to aroma (Du et al., 2011a). These methods were to evaluate the volatile 
compounds in strawberries. 
 
1.4.1.1. Esters 
Esters are produced by all soft fruits and they attract animals, insects, humans and also 
protect against pests and pathogens (Schwab et al., 2009). Esters are the most aroma 
active compounds in strawberries and vary between 25-90% of the total volatile 
composition in ripe strawberries. In general, they contribute to the sweet and fruity notes 
of strawberry flavour (Douillard and Guichard, 1990; Pyysalo et al., 1979; Schreier, 
1980). Methyl butanoate contributes to apple-like flavour whereas methyl hexanoate, 
ethyl butanoate and ethyl hexanoate are described to have pineapple like notes (Du et al., 
2011a). In strawberries, the most common esters are methyl butanoate and methyl acetate 
  28 
(Azodanlou et al., 2004). Volatile esters are produced from fatty and amino acids, where 
degradation of free fatty acids result in aldehyde formation. These aldehydes can later be 
converted to alcohols and their related esters (Forney et al., 2000). Methanol is the major 
alcohol in strawberries which forms methyl esters and the enzyme responsible for the 
formation of methyl esters is acylalcohol transferase (SAAT) (Aharoni et al., 2000; Ueda 
et al., 1992). Similarly, ethanol is the precursor for ethyl butanoate, and ethyl hexanoate. 
Butanol is converted to butyl acetate, butyl propionate, butyl n-butyrate, butyl isovalerate 
and butyl caproate (Schwab et al., 2009; Yamashita et al., 1975). Moreover, alcohol 
dehydrogenase (ADH) is responsible for interconversion of alcohol and aldehyde to 
supply precursors for ester synthesis and other volatile production (Figure 1-2)  (Forney 
et al., 2000).  
 
 
 
 
 
 
 
 
 
 
 
 
Aldehydes 
 Amino Acids 
 Sugars 
 Lipids 
Alcohols Acids 
Esters 
ADH 
AAT 
Figure 1-2. Proposed pathway of synthesis of volatile esters in ripe strawberries 
(Forney et al., 2000). ADH: alcohol dehydrogenase, AAT: alcohol acyltransferase. 
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Research on the ADH gene is limited in strawberries, however there have been 
comprehensive studies conducted on understanding strawberry alcohol acyltransfearase 
(SAAT) gene and AAT enzyme activity (Wolyn and Jelenkovic, 1990). Considering the 
diversity of the esters, a number of SAAT genes have been isolated and characterised from 
fruits and vegetables (Aharoni et al., 2000). The first SAAT gene was identified using 
cDNA microarray and its correlation with ester formation was confirmed by an enzyme 
assay (Aharoni et al., 2000). Alcohol acyltransferase encodes a protein that induces 
volatile ester production, known to correlate with flavour (Carbone et al., 2006; 
Cumplido-Laso et al., 2012; Pérez et al., 1996b). A comparison between F. vesca alcohol 
acyltransfearase (VAAT) and SAAT enzymes showed that SAAT prefers C6 to C10 aliphatic 
alcohols whereas C6 alcohols and n-butyl alcohols were good substrates for VAAT 
enzymes (Beekwilder et al., 2004). Various AAT genes have been isolated from different 
cultivars, suggesting the diversity of the ester volatile compound production on different 
cultivars. For instance,  FcAAT1 gene was isolated from F. chiloensis and FaAAT2 was 
isolated from F. x ananassa cultivar Camarosa. Phylogenetic comparisons of their amino 
acid sequences showed that SAAT, VAAT and FcAAT1 were distantly related to the 
FaAAT2 gene (Cumplido-Laso et al., 2012). This suggests that there is a diversity of the 
ester volatile compound production in different cultivars.       
1.4.1.2. Furanones 
Furanones are produced at low levels in strawberries, but due to their low odour threshold 
value, they are considered as one of the most important compounds (Schwab et al., 2009). 
The sweet and caramel like flavour in strawberries are produced by 4-hydroxy-2,5-
dimethyl-3(2H)-furanone (HDMF, furaneol) and 2,5-dimethyl-4-methoxy-3(2H)-
furanone (DMMF, mesifurane) (Du et al., 2011a; Fukuhara et al., 2005). Furthermore, 
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HDMF deters fungal growth in strawberries (Slaughter, 1999). D-fructose-1,6-
diphosphate is the initial precursor of furaneol (Roscher et al., 1998) which is then 
converted to 4-hydroxy-5-methyl-2-methylene-3(2H)-furanone, by an unknown enzyme, 
and later converted to furaneol by enone oxidoreductase (also known as quinone 
oxidoreductase) (Raab et al., 2006; Schwab et al., 2009). Furaneols can be further 
metabolised into mesifurane by such enzymes as FaOMT, a nonspecific O-
methyltransferase (Lunkenbein et al., 2006; Schwab et al., 2009; Wein et al., 2002; 
Zorrilla-Fontanesi et al., 2012). Figure 1-3 shows a proposed biosynthetic pathway of 
Furanones production. 
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1.4.1.3. Terpenes 
Terpenoids are derived from carotenoids which are relatively low in strawberries but 
contribute to a strong effect on overall human perception (El Hadi et al., 2013). Linalool 
(Figure 1-4), nerolidol (Figure 1-4), -pinen and limonene are the largest volatile terpenes 
in strawberries accounting for 20% of the total fruit volatiles (Loughrin and Kasperbauer, 
4-hydroxy-5-methyl-2-methylene-3(2H)-furanone 
4-hydroxy-2,5-dimethyl-3(2H)-furanone  
2,5-dimethyl-4-methoxy-3(2H)-furanone 
D-fructose-1,6-diphosphate 
Unknown enzyme 
enone oxidoreductase 
FaOMT 
Figure 1-3. Proposed biosynthetic pathways of 4-hydroxy-2,5-dimethyl-3(2H)-
furanone (HDMF). HMMF: 4-hydroxy-5-methyl-2-methylene-3(2H)-furanone; 
DMMF: 2,5-dimethyl-4-methoxy-3(2H)-furanone; FaEO: Fragaria x ananassa 
enone oxidoreductase; FaOMT: F. x ananassa O-methyltransferase. Adapted and 
modified from Schwab et al. (2009) 
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2002). A cDNA microarray revealed that F. x ananassa nerolidol synthase 1 (FaNES1) 
is involved in terpene biosynthesis of terpenes (Aharoni et al., 2004). The characterisation 
of the gene revealed that it encodes a biofunctional mono- and sesquiterpene synthase 
which catalyses the formation of monoterpene linalool from geranyl diphosphate (GPP) 
and sesquiterpene nerolidol from farnesyl diphosphate (FPP) (Aharoni et al., 2004; 
Schwab et al., 2009). Similar genes were found in wild and cultivated strawberry species 
however, FaNES1 is only present and highly expressed during fruit ripening and only in 
octaploid cultivars (Schwab et al., 2009). Usually, sesquiterpenes and monoterpenes are 
derived from the cytosolic mevalonate (MVA) and  plastidial methylerythritol phosphate 
(MEP) pathways respectively (Bohlmann and Keeling, 2008), however, an in-vivo 
experiment showed that (S)-linalool and trans-(S)-nerolidol in F. x ananassa are solely 
synthesised through the MVA pathway in the cytosol (Aharoni et al., 2004; Hampel et 
al., 2006). In strawberries, FaNES1 utilise both GPP and FPP to synthesis linalool and 
nerolidol in cystol, this is due to the variation attributed to the NES1 gene that encodes a 
protein truncated at its N terminus, where the plastid-targeting signal is lost (Aharoni et 
al., 2004). Pinene synthase is another gene involved in the biosynthesis of terpenes. An 
insertion mutation of Pinene synthase resulted in the loss of some olefinic monoterpenes 
in the cultivated strawberry. In contrast, the F. vesca retained a functional copy of pinene 
synthase, resulting in the production of α-pinene and β-myrcene (Aharoni et al., 2004; 
Folta and Davis, 2006). Furthermore, -decalactone contributes to a strong peach essence 
to the fruit. There were two research groups that identified FAD1 gene using two different 
approaches. Sánchez-Sevilla et al. (2014) found a QTL in a segregating population of 
commercial strawberries and overlaid the transcriptome data to identify the FAD1 gene, 
a transcript specific to the individuals that produce -decalactone in the mapping 
population. Chambers et al. (2014) made the same conclusions using a cross made 
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between a strawberry non-producer and a producer. The -decalactone compound 
segregated as a single dominant locus in the F1-generation. The transcriptome profile and 
volatile profiles were obtained from individual fruits of each progeny plant. Based on the 
presence and absence of -decalactone, the transcriptomes were grouped and a single 
transcript showed a presence/absence relationship that invariably allowed compound 
detection. The gene that corresponded to -decalactone was a fatty-acid desaturase, 
FAD1. DNA mutations can cause loss of function, in this case, wild and cultivated 
strawberries have diverse terpene profiles due to loss of function in terpene synthase gene.   
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1.4.2. Acids and sugars 
Sugars in strawberries are one of the main soluble components which provide energy for 
metabolism. Sucrose, glucose and fructose account for over 99% of the total sugars in 
strawberries where sorbitol, xylitol and xylose are present in trace amounts (Zabetakis 
and Holden, 1997). Kader (1991), showed a 0.71 correlation (r2) between total sugars and 
soluble solids in nine California strawberry varieties. Furthermore, a 2-year study 
conducted by Kallio et al. (2000) in “Senga Sengana” showed a correlation (r2) of 0.63 
to 0.84 between soluble solids and sugars. Total soluble solids may be affected by 
growing temperatures, as increased temperature is known to increase the fruit maturation 
rate and decrease soluble solids independent of the flowering times (MacKenzie et al., 
2011; Schwieterman et al., 2014). Furthermore, concentration of main sugars are 
dependent on the environmental conditions and genetics of the strawberry (Shaw, 1988).     
 
Acids are important as flavour compounds and are important in processing off-flavours 
in strawberries. Pelayo-Zaldivar et al. (2005) showed the harvest date did not affect pH 
or titratable acidity. Furthermore, pH and titratable acidity did not show a clear correlation 
GPP 
FaNES1 
(S)-linalool 
FPP 
FaNES1 
trans-(S)-nerolidol 
Figure 1-4. Biosynthesis of monoterpene linalool and sesquiterpene 
nerolidol. Adopted from Aharoni et al. (2004) 
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(r2=0.42). In addition, the levels of citric and malic acids were not affected by the harvest 
dates, but varied between the cultivars. For instance, Diamante showed the highest levels 
of citric acid and Selva showed the highest levels of malic acids in the season of May and 
August, respectively. Ninety-percent of strawberry organic acids are citric acid 
(Cordenunsi et al., 2003; Wang et al., 2002a) and the correlation coefficient between 
citric acid and titratable acidity was 0.96 indicating a strong positive relationship (Wang 
et al., 2002a). This indicated that citric acid is responsible for acidity in strawberries and 
therefore the flavour is affected by citric acid levels.  
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1.4.3. Factors affecting strawberry fruit quality 
1.4.3.1. Maturity 
 Volatile compounds in fruits are produced as a consequence of physiological changes 
during fruit ripening (D'Ambrosio et al., 2013). Volatile content increases as fruits ripen, 
where methyl ester concentrations increase 7-fold compared to ethyl esters (Forney et al., 
1996). During ripening, C6 alcohols decrease, which explains the loss of the green, 
immature, odor as fruits ripen (Forney, 2001). However, esters and furanones increase 
during fruit maturation (Ito et al., 1990; Pérez et al., 1996a). Furthermore, strawberries 
analysed during seven developmental stages revealed that most of the esters and alcohols 
reach their highest levels when the fruits turn red and ripen, resulting in a fruity, sweet 
and peach-like flavour (Zhang et al., 2010). It is clear from these findings that as the 
strawberry ripens the concentration of favorable flavour compounds increases whereas 
the concentration of the compounds responsible for green and grassy flavour decreases.   
1.4.3.2. Genotype 
The genetic background of a cultivar is another main factor that contributes to the aroma 
variation of the fresh products (Baldwin, 2008; Cunningham et al., 1986; Forney, 2001; 
Forney et al., 2000). As an example among different cultivars, total volatile compounds 
varied up to 35-fold and the ratio of methyl/ethyl esters was cultivar dependent (Forney 
et al., 2000). However, Pelayo-Zaldivar et al. (2005) reported contrasting results where 
methy/ethyl ester ratio was affected by the harvest date. This suggested there were 
genotype-by-environment (GxE) interactions (Samykanno et al., 2013b). Furthermore, 
compounds such as ethyl/methyl butanoate, -decalactone and 2-heptanone, were 
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reported as cultivar-specific after comparing the aroma profiles of five strawberry 
cultivars (Larsen et al., 1992). Strawberries are non-climacteric fruits meaning, they do 
not ripen after harvesting. In general, the flavour and aroma tend to decline after 
harvesting in non-climacteric fruits however, the quality can be affected if harvested 
immaturely (Baldwin, 2008). Strawberry aroma was shown to be dependent on the 
cultivar (Forney, 2001; Forney et al., 2000).  
 
There have been diverse aroma patterns between cultivated and wild strawberries (Dong 
et al., 2013; Ulrich et al., 2007; Ulrich and Olbricht, 2013). Wild strawberry types; F. 
virginiana, F. vesca and F. moschata produce high levels of aroma compounds compared 
to cultivated strawberries (F. x ananassa) (Ulrich and Olbricht, 2013). However, contrary 
results were found in another study where ester content was higher in modern varieties 
compared to F. vesca (Dong et al., 2013; Ulrich and Olbricht, 2013). These differences 
could be due to different extraction and detection methods used in individual studies. 
Dong et al. (2013) showed there were species-specific compounds identified in F. vesca 
including; 1-methyltridecyl acetate, myrtenyl acetate, trans-pinocarvyl aceate and ethyl 
dodecanoate. F. vesca contained different terpenes such as terpinene-4-ol, -terpineol 
and myrtenol compared to F. x ananassa (Aharoni et al., 2004; Ulrich and Olbricht, 
2013). These compounds contribute to turpentine-like, herbaceous and woody odour 
which resulted in negative sensory perception, therefore, these compounds may have been 
selectively bred-out in cultivated varieties for better quality (Aharoni et al., 2004). 
Considering the above findings, it was suggested that careful selection of wild accessions 
as volatile donors may contribute to regaining flavour characteristics that have been lost 
in modern breeding (Kader, 2008).    
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1.4.3.3. Pre- and post- harvest environments 
The environment can have a significant influence on flavour development in strawberries 
and this has been the focus of several investigations. Light availability, temperature 
fluctuation, relative air humidity and rainfall are some of the environmental factors that 
can affect the quality of strawberries. This includes some volatile compounds, sugar/acid 
ratio and some health related compounds (Samykanno et al., 2013b; Tulipani et al., 2011). 
For example, hexenal, ethylmethyl butanoate and methyl butanoate were reduced after 
shading treatment (Watson et al., 2002), suggesting that sunlight is needed for aroma 
development during strawberry ripening. Samykanno et al. (2013b) suggested that 
photosynthetically active radiation (PAR) showed the greatest influence on volatile 
variability compared to other environmental parameters.  
 
Harvest dates of the strawberries can affect volatile compound development and quality 
composition. Ethyl acetate, acetic acid, acetaldehyde, ethyl acetate, hexenal, methyl 
butanoate, ethyl methyl butanoate, heptanone, ethyl butanoate, furanone, ethyl hexanoate 
and ethyl methyl hexanoate showed highly significant differences with the harvest dates 
(Watson et al., 2002). Pelayo-Zaldivar et al. (2005) reported colour, anthocyanin content, 
aroma compound, methyl/ethyl ester ratio and total soluble solids varied with harvest 
dates. Furthermore, sucrose, glucose and citric acid showed significant differences with 
sucrose decreasing during the harvest season while glucose and citric acid revealed no 
significant trends (Watson et al., 2002). Jouquand et al. (2008) demonstrated that 
titratable acidity and soluble solids were affected by harvest date. Volatile compounds, 
especially terpenes and lactones were present in high concentration during lower 
temperatures.  
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Furthermore, rainfall can also affect the volatile compound composition of strawberries. 
For instance, rainfall may include water soaking, and decreased flavour quality whist 
increased cloud cover which could reduce photosynthesis and therefore decrease the 
levels of sugar production (Herrington et al., 2008). However, tolerance towards rain 
damage varied between cultivars as Herrington et al. (2008) showed that Festival was 
more tolerant to rain damage compared to Rubygem.  
 
Photosynthetically Active Radiation (PAR) may affect flavour due to different factors 
such as decreased PAR can reduce the amount of primary metabolic products thus 
resulting in less raw products for secondary volatile production (Watson et al., 2002). 
PAR is decreased under rain cover, where temperature and relative humidity (RH) remain 
unchanged, resulting in the decrease of esters quality and quantity. Under these conditions 
mesifurane levels were decreased due to declined PAR, but aldehydes were increased in 
concentration. Furthermore, decreased levels of PAR negatively affect the soluble solids 
content. (Rohloff et al., 2004). 
 
Temperature can affect strawberry production in many ways such as shortened fruit 
ripening times and increased total yield when the average air temperature was 20C or 
above (Dejwor and Radajewska, 1996). Furthermore, day and night temperatures can 
significantly affect the phenolic and antioxidant content. A study was conducted using 
four different temperature combinations (18/12, 25/12, 25/22, 30/22C) and the plants 
grown at 30/22C produced fruits with the highest phenolic and antioxidant content while 
18/12C produced the least (Wang et al., 2002b). Furthermore, the yield and fruit number 
were significantly affected by the night temperature in Everest strawberries grown in a 
temperature controlled glasshouse. After studying a range of temperatures (15C -27C), 
  40 
the recommended optimum temperature for maximum yield of strawberries was 23C 
(Wagstaffe and Battey, 2004). Diamanti et al. (2008) compared different varieties (Dora, 
Irma, Patty and Sveva) over several seasons for their quality and nutritional parameters. 
The results indicated an effect of climate (mainly temperature) on these quality and 
nutritional parameters. Environmental influence on strawberry cultivar Elsanta was 
studied under winter greenhouse conditions and 16/12C, 22/16C and 26C temperature 
treatments (Josuttis et al., 2011). Increased air and soil temperature in greenhouse 
conditions decreased the fruit weight, however, did not significantly affect the soluble 
solids and titratable acidity (Josuttis et al., 2011). 
 
Several studies have been conducted to understand the effect of postharvest storage 
conditions on strawberry volatile compounds such as different temperatures and CO2 
concentrations (Ayala-Zavala et al., 2004; Berna et al., 2007; Ragaert et al., 2006). 
Strawberry flavour deteriorated in a CO2-enriched atmosphere although fruit firmness 
was retained (Larsen and Watkins, 1995; Pelayo et al., 2003). Comparison of storage 
temperatures revealed that 10C was better in enhancing production of aroma compounds 
such as ethyl hexanoate, hexyl acetate, methyl acetate, and butyl acetate compared to 0C 
(Ayala-Zavala et al., 2004). Similarly, methyl ester concentration increased rapidly 
compared to ethyl esters during 15C storage (Forney et al., 2000). These findings 
revealed that off-flavour compounds are usually developed during the post-harvest 
storage when ethanol converts into ethyl acetate as a result of yeast proliferation (Ragaert 
et al., 2006). The above information indicated the possibility of manipulation of flavour 
compounds through adjustments in the growing environments and post-harvest handling 
of fruits. In addition, related detailed monitoring of growth conditions to flavour analysis 
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could allow for modelling plant and fruit responses to their environment, which could 
prove to be a powerful tool for growers and retailers to eliminate poor tasting crops. 
 
1.4.3.4. Genotype and environment (GxE) 
Strawberry genotypes that perform well over a range of environmental conditions are 
useful for the strawberry industry. This is often confounded by the interactive effects of 
genotype and environment. A group of cultivars found to be performing in a particular 
way in one location and season may behave differently in another location or season. GxE 
affects strawberry yield, total antioxidant capacity, sugar and acid content (Davik et al., 
2006; Williams, 1975). A study was conducted to determine the effects of growing 
location, cultivar, harvest date and the interaction of cultivar x harvest date on the volatile 
composition of four strawberry cultivars (Du et al., 2011b). This study revealed that the 
location and/or harvest date influenced volatile compound production, especially in 
Primadonna cultivar (Du et al., 2011b). A recent study demonstrated that volatile 
compounds, sugars and acids found in Albion and Julitte showed significant GxE 
interactions. This implies that these two cultivars can perform differently under the same 
range of environments as well as in different environments (Samykanno et al., 2013b). 
Another study on volatile compounds in blueberries were primarily effected by genotype, 
and GxE contributed more to the total variance than the genotype or environment for 
some volatile compounds. For instance, butyl acetate, (E)-dihydrolinalool oxide, (Z)-
dihydrolinalool oxide, -terpineol, (E)-2-hexenol, 6-methyl-5-hepten-2-one, hexanal and 
(E,Z)-2,6-nonadienal were affected more by the genotype (Du et al., 2011b). 
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1.5. Sensory perception of strawberries 
Flavour is defined as the perceptual and hedonic response to the synthesis of sensory 
signals of taste, odour, and tactile sensation (Prescott et al., 2004). Sensory elicitation of 
fruits is a result of multiple interactions between plant components and human perception: 
sugars and acids, pigments, structure and turgor and volatile compounds. These 
parameters represent the sense of taste, vision, tactile sensation and olfaction of fruit 
development (Christensen, 1983; Saliba-Colombani et al., 2001; Stommel et al., 2005). 
It is believed that aroma is more important than taste when determining flavour (Taylor 
and Linforth, 1996). The sense and taste are captured by the pain, tactile and temperature 
receptors in the mouth and therefore flavour signifies the sum of the characteristics of the 
material which produced this sensation (Zabetakis and Holden, 1997). Analysis of flavour 
has been performed by analytical instruments such as GC-MS to determine the volatile 
compounds present in the sample (Taylor and Linforth, 1996). However, aroma 
descriptions can be made based on the compounds’ odour and this could be characterised 
by using a sensory trained panel. 
Consumer preference studies have shown that the appreciation towards sweetness in 
strawberries is mainly caused by sucrose while acidity associated with non-liking 
(Schwieterman et al., 2014). However, another study suggested that sugar/acid ratio 
provides the best description towards sweetness and/or tartness (Watada, 1993). These 
results indicate that the use of sensory panels have narrowed the set of compounds that 
are associated with strawberry consumer preference (Jouquand et al., 2008; Schieberle 
and Hofmann, 1997; Ulrich et al., 1997).    
The best approach to identify key contributing volatile compounds and their respective 
genes to strawberry flavour is to incorporate chemical, molecular and sensory studies 
together.   
  43 
1.6. Aims of the project 
Breeding for enhanced flavour is one of the major aims of the Australian Strawberry 
Breeding Program (Strawberries Australia Inc, 2012). Traditional breeding may have 
caused unintentional loss of flavour due to prioritising high yield, fruit firmness and shelf 
life (Davis et al., 2007; Kader, 2008). Considering the gaps in knowledge regarding 
environmental and genetic influence on the quality in Australian-grown varieties, and 
consumer perception on volatile compounds of Australian-grown strawberry cultivars; 
the aims of this study are to: 
 Evaluate the environmental and genotype effect on volatile compounds on 
Australian grown commercial and advanced-breeding cultivars, 
 Identify the environmental parameters that affect the individual volatile 
compounds, 
 Examine the interactive effects of genetics and environment on different 
compounds, 
 Assess the stability of the volatile compounds across the sampling period and 
across two season, 
 Examine the volatile compounds correlated with consumer preference for future 
breeding purposes,  
 Identification of volatile compounds/sugar/acid that are associated with consumer 
perception.  
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2 
2.  Quality Attributes of Australian-
Grown Strawberries 
 
2.1. Introduction  
A fresh strawberry is a popular fruit consumed worldwide known for its flavour and high 
nutrient value. The Australian strawberry industry mainly produces strawberries for 
domestic consumption. Local strawberries are available all year around, with emphasis 
upon production of flavoursome and nutritious fruit varieties. Strawberries grown in 
Australia include varieties developed in the USA and Australia. These varieties include 
day-neutral and short-day. Strawberries consisting of over 360 identified volatile 
constituents including alcohols, esters, aldehydes, ketones and furanones (Maarse, 1991). 
These volatile compounds comprise only 0.01%-0.001% of the fresh mass of strawberries 
but have a significant effect on the aroma quality (Teranishi et al., 1981). Furthermore, it 
was reported that the complexity of the aroma profiles were due to the variation of the 
strawberry variety depending on genotype and growth conditions (Forney et al., 2000; 
Hakala et al., 2002; Zabetakis and Holden, 1997). In addition, sugars and acids are 
responsible for the sweetness and tartness of ripe strawberries. The combination of aroma 
compounds, sugars and acids provide the unique strawberry flavour. The sweetness or 
tartness perception can best be described by sugar/acid ratio because, the sugars and acids 
present in strawberries can mask each others flavour (Watada, 1993). 
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Isolation and concentration of strawberry volatiles are traditionally performed using 
methodologies such as solvent extraction (Hirvi, 1983; Pickenhagen et al., 1981; Pyysalo 
et al., 1979), liquid-solid extraction (Sanz et al., 1994), steam distillation under vacuum 
(Schreier, 1980) and purge-and-trap (da Silva and das Neves, 1997; Gomes da Silva and 
Chaves das Neves, 1999; Hakala et al., 2002). In addition, head-space solid phase micro 
extraction (HS-SPME) is a solvent-free technique first introduced by Pawliszyn (Arthur 
and Pawliszyn, 1990). The fiber is fused with silica and coated with polymeric organic 
liquid which is introduced into the head-space of a sample. Volatile compounds are 
extracted and concentrated in the coating and transferred to the analytical instrument for 
desorption (Arthur and Pawliszyn, 1990). Furthermore, gas chromatography coupled with 
mass spectrometry (GC-MS) has been used to separate, identify and quantify volatile 
compounds and GC-MS and HS-SPME have previously been used to study volatile 
compounds from strawberries (Ibanez et al., 1998; Pérez et al., 2002; Samykanno et al., 
2013a; Williams et al., 2005). The aim of this investigation was to gain qualitative and 
semi-quantitative volatile profiles for direct comparison of strawberry genotypes and to 
identify the relationship between Australian-grown cultivars and advanced-breeding lines 
based on their chemical profiles.  
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2.2. Materials and Methods 
2.2.1. Strawberry samples 
Strawberries were collected for two seasons over the Spring to Autumn months of 2013-
2014 and 2014-2015. Samples were collected from two locations in Victoria, Australia. 
Golden Vale Strawberries Pty Ltd commercial farm, Coldstream, Victoria, Australia (37° 
43' 8.6736'' S 145° 22' 14.4876'' E) and Wandin strawberry breeding farm, Victoria, 
Australia (37° 46' 57.5148'' S 145° 25' 34.3416'' E), which were established as a part of 
the Victorian Strawberry Breeding Program under Strawberries Australia Inc. in 
assistance with Horticulture Innovation Australia Ltd. Genotypes sampled in this study 
varied on the availability in the growing season as breeders elect to grow the well-
performing genotypes for consecutive seasons. 
 
Five strawberry (Fragaria x ananassa) genotypes namely, Albion, Camino Real, Melba, 
Palomar and San Andreas were sampled once a week for 16 non-consecutive weeks from 
November 2013 to April 2014 (Table 2-1).  
 
In 2014-2015, nine strawberry genotypes were sampled including Melba, San Andreas, 
Albion, 10-004-165, 10-004-168, 06-050-202, 08-029-80, 07-048-190 and 10-057-27, 
once a week for 15 non-consecutive weeks (Table 2-2). 
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Table 2-1. Sampling dates of advanced-breeding and commercial cultivars of 2013-2014 
season 
 
  
Albion Melba 
San 
Andreas 
Palomar 
Camino 
Real 
13/11/2013 √ √ √ √  
20/11/2013 √ √ √ √ √ 
27/11/2013    √ √ 
04/12/2013 √   √ √ 
11/12/2013   √ √ √ 
18/12/2013   √ √ √ 
08/01/2014 √  √   
15/01/2014 √ √ √   
22/01/2014 √ √ √   
29/01/2014 √ √ √   
26/02/2014 √ √    
05/03/2014 √ √ √   
18/03/2014 √ √ √   
25/03/2014 √ √ √   
02/04/2014 √ √ √   
09/04/2014 √ √ √   
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Table 2-2. Sampling dates of the cultivars of 2014-2015 season 
 
  10-004-168 10-004-165 10-057-27 08-029-80 06-050-202 07-048-190 Albion Melba San Andreas 
19/11/2014 √ √  √ √  √ √  
26/11/2014 √ √ √   √  √ √ 
03/12/2014 √ √  √ √  √  √ 
10/12/2014 √ √ √   √  √ √ 
18/12/2014 √ √  √ √  √ √ √ 
07/01/2015 √ √ √ √ √ √  √ √ 
14/01/2015 √ √ √ √ √ √ √ √ √ 
21/01/2015    √ √ √  √ √ 
28/01/2015    √ √ √ √ √ √ 
04/02/2015    √ √ √  √ √ 
11/02/2015    √ √ √ √ √ √ 
18/02/2015    √ √ √ √ √ √ 
26/02/2015    √ √ √ √ √ √ 
04/03/2015    √ √ √ √ √ √ 
11/03/2015       √ √ √ 
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2.2.2. Quality control of strawberry samples 
Commercial genotypes were sampled by the strawberry pickers from the Golden Vale 
Strawberries Pty Ltd. Therefore, the strawberry fruits were re-selected for ripeness (fully 
red) once delivered to Deakin University sensory laboratory. Sensory studies were 
conducted at Deakin University and will be discussed further in Chapter 4. This was one 
of the constraints of sampling from a commercial farm as the pickers would harvest large 
number of strawberries per day, and occasionally there would be partly ripe fruits. As a 
result, there was an intra-variation of the sensory trials thus the fruits were carefully 
selected for their ripeness (P. Oliver 2013, personal communication, 28 October). These 
were sorted based on colour, manual firmness and wrinkles. Those strawberries that were 
not uniform in colour or firm were deemed under-ripe. Strawberries that were over-ripe 
or damaged were discarded. The advanced-breeding lines 10-004-165, 10-004-168, 06-
050-202, 08-029-80, 07-048-190 and 10-057-27 were hand-picked and each fruit was 
checked for ripeness. 
 
After re-selecting the strawberries, five fruits were selected for chemical analysis and 
transported to RMIT university in dry ice and stored at -80°C until GC-MS separation. 
  
  50 
2.2.3. Strawberry quality parameter analysis 
2.2.3.1. Volatile compounds detection of Strawberries 
Methyl butanoate, ethyl butanoate and (E)-hex-2-enal were sourced from Fluka Chemie 
GmbH (Buchs, Switzerland); methyl hexanoate, ethyl hexanoate, linalool and methyl 
anthranilate were sourced from Merck-Schuchardt (Hohenbrunn, German); Mesifurane 
from Aldrich Chemical Co (Milwaukee, USA) and (E)-nerolidol was a gift from 
Australian Botanical Products Pty Ltd (Hallam, Victoria). Strawberry volatile reference 
mixtures of these compounds were prepared in absolute ethanol and diluted to obtain a 
100 ppm working solution.   
 
A series of n-alkanes (C8-C22) from Sigma Aldrich (NSW, Australia) were used to 
prepare 100ppm n-alkane mix in hexane (pesticide analysis grade, 99.7%; BDH 
Laboratory Supplies, Poole, Dorset, UK). The n-alkane was then further diluted to 10ppm 
in deionised water to determine the retention indices (RI) of  strawberry volatile 
compounds.  
 
A solid phase micro extraction (SPME) fiber holder 57330-U (Supelco, Bellafonte, PA) 
for manual sampling and a 65μm polydimethylsiloxane/divinylbenzene (PDMS/DVB) 
StableFlex fiber (Supelco, Bellefonte, PA, USA) were used for the extraction of 
strawberry volatile compounds. The fiber was conditioned prior to use according to the 
manufacturer’s instructions.  
 
Samples were divided between sensory (Deakin University), volatile compounds, sugars 
and acids analysis. Five fruits were selected from the collected strawberries from each 
indicated sampling dates in Table 2-1 and 2-2 and stored at -80°C until GC-MS 
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separation. 3-5 fruits were thawed at room temperature for 30 minutes and the sepals and 
calyx were removed. The strawberries were then puréed using a hand-held blender at a 
constant speed for 1 minute. Approximately 1g of purée was weighed into clear 4ml, 
screw top vial using a transfer pipette. The vial was sealed with a black polypropylene 
hole-in-cap lid and a PTFE/silicone septum (Agilent Technologies, USA) (Figure 2.1). 
For each strawberry genotype, three technical replicates were used for GC-MS analyses. 
The vial was placed on a heating block at 60 °C for 10 minutes (equilibration time). The 
extraction fiber was then exposed to the headspace of the sample for 30 minutes at 60 °C 
before injection.  The fiber was desorbed in the GC injector port for 3 minutes at 250 °C 
(Samykanno et al., 2013b). 
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Figure 2-1. Extraction of volatile compounds from strawberry purées using SPME fiber 
  
SPME holder 
SPME 65μm 
PDMS/DVB 
1g of 
strawberry 
Heating block 
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Volatile compounds were analysed using an Agilent 6890 GC coupled with a 5973 MS 
detector through a heated transferred line at 280°C. The GC was equipped with a DB-
5ms column with dimensions 30m x 0.25 mm I.D. x 0.25μm film thickness. The flow rate 
for the Helium carrier gas was 1.5ml/min. The samples were analysed using the splitless 
mode with a 2.5-minute solvent delay. The initial oven temperature was at 40 °C for 1 
minute and then increased to 190 °C with a rate of 6 °C/min and kept constant for 26 
minutes. The post run was held at 190 °C for 4 minutes. The MS source temperature was 
kept at 250 °C and the compounds were scanned at 41-415 m/z (mass number/charge 
number) range.  
A 100 ppm working mixture of methyl butanoate, ethyl butanoate, mesifurane, linalool 
and (E)-nerolidol were analysed before each run as a quality-control method to compare 
the retention time with the samples. A series of n-alkanes (C8-C22) were analysed using 
GC-MS under the same experimental conditions as the samples. The retention time of 
each hydrocarbon eluting before and after specific volatile compound was used to 
determine the RI for selected strawberry volatiles. Calculating RI provides a confirmation 
of the libraries used for qualitative analysis of volatile compounds. RI is used to convert 
retention times into system-independent constants. RI of a given compound is the 
retention time normalised to the retention time of adjacently eluting n-alkanes. Retention 
time could vary depending on the individual gas-chromatographic system, however, the 
RI values are independent of these parameters (i.e column dimensions, film thickness, 
phase ratio) (Shellie et al., 2002). Therefore, the RI of Adams library was compared to 
the RI obtained from the GC-MS instrument at RMIT University (Table 2-3). The RI was 
calculated using the following equation (Lucero et al., 2009); 
 
𝑅𝐼 = 100𝑦 + 100 [
𝑡𝑅(𝑥) − 𝑡𝑅(𝑦)
𝑡𝑅(𝑧) − 𝑡𝑅(𝑦)
] 
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y = carbon number of the hydrocarbon eluting before a given compound 
tR(x) = retention time of the compounds 
tR(y) and tR(z) = retention times of the hydrocarbon eluting before and after the compounds. 
Table 2-3 Retention indices determined for strawberry volatile standards 
Standard Relative RI Adams RI Difference in RI 
Ethyl butanoate 809.6 804 5.6 
Hexanal 807.5 802 5.5 
Methyl hexanoate 946.6 927 19.6 
Ethyl hexanoate 1017.1 998 19.1 
Mesifurane 1054.6 NA NA 
Linalool 1130.9 1097 33.9 
Nerolidol E 1596.0 1563 33.0 
Methyl anthranilate 1357.6 1405 -47.4 
 
The RI was similar for the calculated compounds ranging in differences between 5 to 48 
retention indices. Therefore these standard compounds could be used as references when 
identifying compounds in the sample mixture (Adams, 2007). Qualitative identification 
was performed using RI values from GC–MS reference libraries (Adams 2007 and Wiley 
7th edition) with an 80% similarity match cut off value. The relative abundance of each 
compound was obtained from electronic integration measurements using the mean of 
three replicates. This was selected with the assumption that these volatile compounds will 
provide information about the flavour characteristics of a particular strawberry 
genotype/cultivar.  
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2.2.3.2. Titratable acidity  
The aliquoted strawberry purée was analysed for its acid content. Samples from 2013-
2014 were titrated using a burette filled with 0.1M Sodium Hydroxide (NaOH) and a pH 
meter. The burette was washed with 0.1M NaOH solution before the titration process. 
The pH meter (TPS benchtop pH metre coupled with Ionode pH probe, Queensland, 
Australia) was calibrated using pH 4 and pH 7 calibration standards. A strawberry sample 
of 5g was diluted in 100 ml DI water and titrated to pH 8.2 using 0.1M NaOH. Each 
sample was analysed in three technical replicates and the average used for accuracy. Citric 
acid is the major organic acid present in strawberries (Crespo et al., 2010; Giné 
Bordonaba and Terry, 2010) therefore, titratable acidity (TA) was expressed as a measure 
of citric acid. Acidity was calculated using the following equation (Samykanno et al., 
2013b); 
 
Citric acid (g 100ml⁄ )=  
Titre (ml)×[NaOH]×0.064×100
5g of strawberry purée
 
 
Due to the large number of samples, it was efficient to titrate using an auto-titrator. 
Therefore, the samples from 2014-2015 were analysed using titratable acidity mini titrator 
and pH meter for fruit juice (HI 84432, Hanna Instruments, Woonsocket, RI). The low 
range titrant (HI 84430-50, Hanna Instruments, Woonsocket, RI) was used to titrate the 
samples. Random samples from 2013-2014 were analysed using the mini-titrator as a 
comparison. The pH meter was calibrated using pH 4.0 and pH 7.0 before commencing. 
Five mL of strawberry purée was diluted in 50 mL of DI water and 3 technical replicates 
were analysed for each sample. The mini-titrator provided the acidity as citric acid 
equivalent.  
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2.2.3.3. Total soluble solids analysis 
Total Soluble Solids (TSS) were measured using a hand-held refractometer (Universal 
type; UHR-1; Shibuya Optical Co., Ltd, Japan) at room temperature (26C). The 
refractometer was calibrated using DI water before reading and the lens was rinsed and 
cleaned between readings. A drop of strawberry puree was added onto the lens using a 
disposable plastic pipette. Three technical replicates were performed for each sample and 
the TSS was measured in % Brix.  
2.2.4. Statistical analysis 
2.2.4.1. Hierarchical dendrograms 
Two hierarchical dendrograms were generated with IBM SPSS Statistics v. 23 using the 
average-linkage-between-groups method and Pearson’s correlation to compare the chemical 
and genetic relationship between genotypes. The hierarchical dendrograms were based on 
the aroma profiles of strawberry genotypes sampled in 2013-2014 and 2014-2015 
seasons. This provided an understanding of the linkage between geotypes based on their 
chemical composition.  
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2.3. Results and Discussion  
2.3.1. Chemical composition of Australian-grown strawberry cultivars 
and advanced-breeding lines. 
The chemical composition of strawberries can be mainly categorised into seven volatile 
groups; esters, terpenoids, lactones, aldehydes, furans, alcohols and acids. Seasonal 
average of each volatile group was used to compare the differences between cultivars and 
seasons (Chapter 3 will further discuss the individual sampling date measurements in 
depth). Figure 2-2 shows the seasonal average of volatile compound groups of sampled 
strawberries. During the 2013-2014 sampling season, Albion, San Andreas, Palomar and 
C. Real predominantly consisted of terpenoids, lactones and esters. Melba consisted 
mainly of terpenoids, esters and aldehydes (Figure 2-2). In the 2014-2015 sampling 
season, 10-004-168, 10-004-165, 08-029-80, 06-050-202, 07-048-190 and Melba mainly 
consisted of terpenoids, esters and aldehydes whereas 10-057-27, Albion and San 
Andreas abundantly consisted of terpenoids, esters and lactones (Figure 2-2).  
 
As mentioned in chapter 1 (Section 1.4.1.1) esters are known to be the most abundant 
volatile compound class of strawberries. Nevertheless, it also has been mentioned in the 
literature that ester content could vary between 25%-90% of total volatile composition 
depending on the genotype (Douillard and Guichard, 1990; Pyysalo et al., 1979; Schreier, 
1980). A study conducted by Vandendriessche et al. (2013) for the Belgium strawberry 
breeding program, which included Albion, Malling Pearl, Florin, Charlotte, Anabelle, 
Florin2, Montery, San Andreas and Portola revealed that these cultivars were high in 
esters, acetones and terpene alcohols. The current results are in agreement with a study 
conducted at the University of Florida using Festival, FL 95-269, FL 99-164, FL 99-117, 
FL 00-51, FL 01-116, Rubygem and Sugarbaby genotypes. The aroma profile of these 
  58 
two genotyes was dominated by esters, alcohol/aldehydes, terpenoids and lactones 
(Jouquand et al., 2008). It has been established that strawberries are high in esters 
followed by lactones, aldehydes and lactones. The level of total esters is dependent on 
the genotype and/or environment (discussed further in Chapter 3). 
 
The distinguishing difference between American cultivars and Australian advanced-
breeding lines/cultivars was the lactone levels. Lactone levels were low in the Australian 
genotypes compared to the American cultivars. In addition, the lactone levels determined 
in the current study were confirmed by another Australian study which included 
Australian cultivar Juliette and American cultivar Albion. This study highlighted that 
there were low levels of lactones in Juliette (5.28%) compared to Albion (22.65%) 
(Samykanno et al., 2013a). Rubygem is a variety developed in Queensland, Australia 
(Herrington et al., 2007) which was included in the study conducted by Jouquand et al. 
(2008) where it was shown that Rubygem and Sugarbaby did not contain lactones. These 
results indicated that lactones are most probably influenced by the genotype (discussed 
further in chapter 3). In addition, consumer preference may be affected by the lactone 
levels present in certain genotypes (discussed further in chapter 4). 
  59 
 
Figure 2-2. Percentage of volatile compounds found in the strawberry cultivars from 
seasons 2013-2014 and 2014-2015. 
 
Since a comparable number of cultivars and advanced-breeding lines were collected in 
2013-2014 and 2014-2015, data were used for the comparative study of cultivars and 
advanced-breeding lines. Volatile compounds identified in Albion, San Andreas, 
Palomar, C. Real and Melba (from 2013-2014), and 10-004-168, 10-004-165, 08-029-80, 
06-050-202, 07-048-190, 10-057-27, Albion, San Andreas and Melba (from 2014-2015) 
are presented in tables 2-4 and 2-5. Data were pre-screened and only compounds present 
over at least 80% of the sampling dates of 2013-2014 and 2014-2015 harvest seasons 
were selected with the intention of providing a representative chemical composition of 
that advanced-breeding line/variety. Pre-screen was based on the assumption that volatile 
compounds identified consistently would provide a better understanding of the flavour 
profiles.  
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Table 2-4. Compounds identified in cultivars sampled during 2013-2014 sampling season (% Compound Area) 
  Albion S. Andreas Melba Palomar C. Real 
Esters 
Methyl butanoate 5.44 ±0.91 3.90 ±0.24 5.35 ±0.52 4.22 ±0.25 5.58 ±0.50 
Ethyl butanote 1.74 ±0.31 1.37 ±0.31 1.56 ±0.45 2.41 ±0.73 1.79 ±0.74 
Butyl acetate 0.65 ±0.11 0.28 ±0.09 0.32 ±0.26 nd 0.59 ±0.25 
Isopropyl butyrate 0.82 ±0.14 0.51 ±0.14 nd 0.59 ±0.27 0.30 ±0.18 
Propyl butanoate 0.16 ±0.08 0.14 ±0.06 0.53 ±0.27 0.13 ±0.13 0.25 ±0.25 
Methyl hexanoate 4.33 ±0.86 8.18 ±0.77 8.28 ±1.03 10.48 ±0.67 5.53 ±0.63 
Butyl butanoate 3.60 ±0.82 0.74 ±0.37 0.18 ±0.15 0.55 ±0.35 2.97 ±1.77 
Ethyl hexanoate 1.16 ±0.22 2.31 ±0.45 1.68 ±0.45 5.32 ±0.73 3.18 ±1.22 
Hexyl acetate 1.29 ±0.08 1.58 ±0.27 2.99 ±0.56 1.94 ±0.10 1.94 ±0.13 
(E)-Hex-2-enyl acetate 1.75 ±0.23 2.48 ±0.33 8.97 ±1.40 3.86 ±0.57 3.84 ±0.93 
Octanol acetate 0.51 ±0.11 0.11 ±0.07 nd 0.22 ±0.22 0.91 ±0.44 
Octyl butyrate 0.94 ±0.34 0.94 ±0.70 nd 0.70 ±0.45 3.04 ±1.50 
Butyl hexanoate 0.29 ±0.17 0.37 ±0.26 nd 0.17 ±0.17 nd 
Octyl isobutyrate 0.44 ±0.26 nd nd nd 1.48 ±1.48 
Benzyl acetate 0.09 ±0.05 0.32 ±0.13 1.93 ±0.97 1.06 ±0.37 2.45 ±0.37 
(E)-Hex-2-enyl butanoate 0.69 ±0.25 nd nd 0.55 ±0.28 0.94 ±0.41 
Propyl hexanoate 0.03 ±0.03 0.36 ±0.12 0.36 ±0.19 0.69 ±0.49 nd 
Hexyl butanoate 0.02 ±0.02 nd nd 0.46 ±0.27 0.86 ±0.52 
Methyl octanoate nd 0.01 ±0.01 nd 0.38 ±0.19 nd 
Terpenoids 
(E)-Nerolidol 26.77 ±2.64 33.11 ±2.83 25.39 ±3.96 19.66 ±2.46 24.49 ±2.95 
(Z)-Linalool oxide 0.14 ±0.11 0.25 ±0.10 nd nd 0.38 ±0.38 
Linalool 7.56 ±1.02 7.88 ±0.84 27.92 ±2.65 12.63 ±0.96 14.21 ±4.02 
Lactones 
-dodecalactone 6.09 ±0.62 7.13 ±2.40 1.94 ±0.40 3.83 ±0.69 2.68 ±0.53 
-decalactone 22.01 ±1.00 20.81 ±2.40 nd 19.12 ±1.82 13.67 ±2.21 
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Aldehydes 
(E)-Hex-2-enal 2.36 ±0.92 1.36 ±0.34 4.47 ±1.67 2.78 ±0.79 3.58 ±0.97 
Hexanal 0.50 ±0.39 0.34 ±0.23 0.44 ±0.44 0.51 ±0.51 0.39 ±0.39 
Furans Mesifurane 0.16 ±0.11 0.75 ±0.29 1.42 ±0.47 0.25 ±0.25 0.35 ±0.35 
Data presented with the standard error of the chemical compounds for the season 
  
  62 
 
Table 2-5. Compounds identified in cultivars sampled during 2014-2015 sampling season (% Compound Area) 
   
10-004-168 
 
10-004-165 
 
10-057-27 
 
08-029-80 
 
06-050-202 
 
07-048-190 
 
Albion 
 
Melba 
 
S. Andreas 
Esters 
Methyl butanoate 2.20 ±0.46 2.29 ±0.47 4.27 ±0.49 1.75 ±0.17 4.68 ±0.50 3.54 ±0.44 6.92 ±0.44 3.67 ±0.63 4.88 ±0.49 
Ethyl butanoate  nd nd  3.96 ±1.13 0.83 ±0.34 0.66 ±0.44 1.44 ±0.47 2.22 ±0.51 1.00 ±0.55 0.35 ±0.35 
3-methylmethyl butanoate 0.66 ±0.14 0.35 ±0.07 nd 0.01 ±0.01 0.60 ±0.56 0.11 ±0.04 0.06 ±0.03 0.33 ±0.31 0.05 ±0.04 
Isopropyl butanoate 0.41 ±0.18 0.50 ±0.13 0.38 ±0.16 0.18 ±0.05 0.38 ±0.14 0.43 ±0.06 0.58 ±0.19 0.30 ±0.08 0.57 ±0.15 
3-methylbutyl acetate 1.07 ±0.25 0.37 ±0.11  nd nd 0.06 ±0.02 0.11 ±0.04 0.02 ±0.02 0.01 ±0.01 0.06 ±0.04 
2-methylbutyl acetate 0.22 ±0.13 0.40 ±0.12 0.07 ±0.04 0.02 ±0.01 0.14 ±0.03 0.24 ±0.07 0.05 ±0.03 0.75 ±0.19 0.56 ±0.16 
S-methyl thiobutanoate 0.02 ±0.02 nd 0.16 ±0.09 0.02 ±0.01  nd 0.01 ±0.01 nd  nd nd 
Propyl butanoate 0.10 ±0.05 0.08 ±0.04 0.95 ±0.29 0.16 ±0.04 0.28 ±0.08 0.44 ±0.13 0.37 ±0.17 0.39 ±0.10 0.20 ±0.07 
Methyl hexanoate 3.78 ±0.91 3.15 ±0.89 6.44 ±0.95 4.65 ±0.47 16.08 ±1.41 5.06 ±0.87 3.89 ±0.50 3.72 ±0.80 6.79 ±0.90 
Butyl butanoate nd 0.18 ±0.09 0.38 ±0.29 0.94 ±0.30 0.03 ±0.02 2.32 ±0.55 2.25 ±0.83 0.01 ±0.01 0.40 ±0.20 
Hexyl butanoate 0.15 ±0.08 0.19 ±0.05 0.86 ±0.58 0.98 ±0.21 0.17 ±0.04 0.91 ±0.27 0.34 ±0.14 0.02 ±0.02 0.02 ±0.02 
Ethyl hexanoate 0.31 ±0.12 0.43 ±0.26 4.70 ±0.78 2.90 ±0.53 6.53 ±1.05 3.92 ±0.66 0.76 ±0.09 0.70 ±0.22 1.11 ±0.26 
(Z)-Hex-3-enyl acetate 0.32 ±0.10 0.58 ±0.18 0.09 ±0.09 0.22 ±0.05 0.49 ±0.08 0.33 ±0.10 0.38 ±0.07 0.64 ±0.13 0.56 ±0.16 
Hexyl acetate 1.57 ±0.25 2.54 ±0.42 1.16 ±0.24 1.35 ±0.12 1.34 ±0.18 3.48 ±0.28 1.37 ±0.09 2.58 ±0.42 1.85 ±0.36 
(E)-Hex-2-enyl acetate 4.44 ±1.04 6.83 ±1.28 3.12 ±0.93 1.99 ±0.37 4.04 ±0.59 2.15 ±0.37 2.77 ±0.40 7.64 ±0.84 3.85 ±0.48 
1-methylethyl hexanoate 0.13 ±0.09 0.03 ±0.03 0.13 ±0.05 0.11 ±0.04 0.31 ±0.11 0.18 ±0.05 0.11 ±0.04 nd 0.10 ±0.07 
Propyl 3-acetyl propanoate 0.03 ±0.03 0.02 ±0.02 0.09 ±0.09 0.02 ±0.02 0.19 ±0.13 0.04 ±0.03 nd nd 0.10 ±0.04 
Propyl hexanoate 0.05 ±0.03 0.03 ±0.03 0.41 ±0.17 0.15 ±0.06 0.31 ±0.08 0.32 ±0.07 0.22 ±0.07 0.21 ±0.08 0.29 ±0.08 
Methyl octanoate 0.08 ±0.04 0.12 ±0.09 0.12 ±0.04 0.23 ±0.03 0.41 ±0.03 0.28 ±0.04 0.07 ±0.02 0.02 ±0.02 0.08 ±0.03 
Benzyl acetate 0.54 ±0.17 1.41 ±0.36 0.45 ±0.07 0.33 ±0.07 0.53 ±0.12 0.35 ±0.06 0.58 ±0.09 1.72 ±0.51 1.64 ±0.30 
(E)-Hex-2-enyl butanoate 0.21 ±0.07 0.37 ±0.11 1.63 ±0.33 0.89 ±0.10 0.51 ±0.09 0.42 ±0.09 0.76 ±0.21 0.19 ±0.07 0.18 ±0.05 
Octanol acetate nd 0.27 ±0.18 nd 0.80 ±0.17 0.01 ±0.01 1.25 ±0.13 0.44 ±0.07 0.02 ±0.02 0.11 ±0.11 
Ethyl 1-hexyl acetate 0.03 ±0.02 nd nd nd nd nd 0.05 ±0.05 0.12 ±0.03 0.05 ±0.02 
Hexyl hexanoate 0.06 ±0.03 0.03 ±0.03 0.16 ±0.09 0.42 ±0.08 0.14 ±0.03 0.42 ±0.10 0.02 ±0.02 0.01 ±0.01 0.07 ±0.04 
Ethyl 4-ethoxy benzoate 0.11 ±0.04 0.09 ±0.06  nd 0.07 ±0.02 0.15 ±0.05 0.08 ±0.04 0.02 ±0.02 0.08 ±0.04 0.06 ±0.02 
Octyl isobutyrate 0.21 ±0.14 0.50 ±0.43 nd 3.19 ±1.06 nd 7.00 ±1.94 1.06 ±0.37 nd 0.69 ±0.69 
N-octyl 2-methyl butyrate 0.06 ±0.06 0.08 ±0.08 nd 0.15 ±0.05 nd 0.22 ±0.08 0.05 ±0.03 nd 0.02 ±0.02 
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Terpenoids 
 
(E)-Nerolidol 49.53 ±4.15 36.33 ±3.31 33.72 ±6.56 47.69 ±2.31 27.06 ±3.68 23.72 ±1.99 27.57 ±2.04 8.00 ±2.54 21.88 ±3.37 
(Z)-linalool oxide 0.34 ±0.24 0.61 ±0.21 0.14 ±0.07 0.15 ±0.08 0.29 ±0.07 0.36 ±0.08 0.66 ±0.12 nd 1.09 ±0.14 
(E)-linalool oxide 0.03 ±0.03 nd nd nd 0.06 ±0.04 0.05 ±0.05 nd nd nd 
Linalool 5.22 ±0.70 6.62 ±0.74 3.41 ±0.45 4.39 ±0.56 6.08 ±0.55 7.47 ±1.09 10.24 ±1.02 35.01 ±2.79 9.21 ±0.60 
-terpinolene 0.11 ±0.05   ±  0.21 ±0.08 0.14 ±0.04 0.03 ±0.03 0.18 ±0.05 0.13 ±0.07 0.90 ±0.16 0.34 ±0.03 
Lactones 
-dodecalactone 5.40 ±0.77 5.23 ±1.01 9.33 ±1.00 2.86 ±0.35 3.25 ±0.50 3.90 ±0.22 4.31 ±0.53 0.83 ±0.24 3.34 ±0.48 
-decalactone nd nd nd 0.28 ±0.28 nd nd 9.40 ±2.25 nd 12.82 ±2.89 
Aldehydes 
(E)-Hex-2-enal 7.17 ±1.79 13.79 ±2.65 4.62 ±1.25 4.00 ±0.66 9.06 ±1.35 4.88 ±0.67 4.60 ±0.85 14.00 ±1.65 8.80 ±1.81 
Hexanal 1.92 ±0.38 4.46 ±1.14 nd 0.44 ±0.30 1.02 ±0.51 0.19 ±0.19 0.43 ±0.43 1.62 ±0.62 3.38 ±1.25 
Nonanal 0.36 ±0.07 0.42 ±0.09 0.39 ±0.14 0.36 ±0.04 0.54 ±0.13 0.48 ±0.14 0.28 ±0.05 0.65 ±0.13 0.72 ±0.23 
Furans Mesifurane 5.12 ±1.48 0.33 ±0.21 3.75 ±1.08 2.70 ±0.49 0.42 ±0.17 1.56 ±0.32 1.30 ±0.96 0.83 ±0.33 0.92 ±0.38 
Alcohols 
(E)-Hex-2-en-1-ol 0.09 ±0.06 0.39 ±0.14 nd 0.08 ±0.03 0.14 ±0.06 0.07 ±0.05 0.03 ±0.02 0.24 ±0.08 0.19 ±0.06 
Hexan-1-ol 0.04 ±0.04 0.40 ±0.20 nd 0.08 ±0.04 0.06 ±0.04 0.06 ±0.04 nd nd 0.04 ±0.03 
Acid 
 
Ethyl hexanoic acid 0.05 ±0.03 0.12 ±0.08 0.16 ±0.10 0.04 ±0.03 0.04 ±0.03 0.05 ±0.03 0.02 ±0.02 0.08 ±0.05 0.09 ±0.04 
Hexanoic acid nd 0.12 ±0.12 0.57 ±0.40 0.27 ±0.09 0.88 ±0.28 0.33 ±0.16 0.12 ±0.08 0.25 ±0.15 0.30 ±0.16 
Data presented with the standard error of the chemical compounds for the season   
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The composition of volatile compounds from advanced-breeding lines/cultivars differs 
qualitatively (different compounds) and quantitatively (same compounds, different 
levels). In total 27 and 42 compounds were identified during the 2013-2014 and 2014-
2015 seasons respectively. The compounds highlighted for each advanced-breeding 
lines/cultivars represent the five most abundant compounds found in each advanced-
breeding line/cultivar sampled in season 2013-2014 and 2014-2015 (Table 2-4 and 2-5).  
 
The total composition of the most abundant compounds for each variety in 2013-2014 
were 67.9% (Methyl butanoate, (E)-nerolidol, linalool, -dodecalactone and -
decalactone), 77.1% (Methyl hexanoate, (E)-nerolidol, linalool, -dodecalactone and -
decalactone), 75.9% (Methyl butanoate, methyl hexanoate, (E)-hex-e-enyl acetate, (E)-
nerolidol and linalool), 67.2% (Methyl hexanoate, ethyl hexanoate, (E)-nerolidol, linalool 
and -decalactone) and 63.5% (Methyl butanoate, methyl hexanoate, (E)-nerolidol, 
linalool and -decalactone) in Albion, San Andreas, Melba, Palomar and Camino Real, 
respectively. 
 
The total composition of the 5 most abundant compounds in advanced-breeding lines and 
cultivars from 2014-2015 season were 72.4% ((E)-nerolidol, linalool, -dodecalactone, 
(E)-hex-2-enal and mesifurane), 68.6% ((E)-hex-2-enyl acetate, (E)-nerolidol, linalool, -
dodecalactone and (E)-hex-2-enal), 58.8% (Methyl hexanoate, ethyl hexanoate, (E)-
nerolidol, -dodecalactone, (E)-hex-2-enal), 63.9% (Methyl hexanoate, Octyl isobutyrate, 
(E)-nerolidol, linalool and (E)-hex-2-enal), 64.8% (Methyl hexanoate, ethyl hexanoate, 
(E)-nerolidol, linalool and (E)-hex-2-enal), 48.1% (Methyl hexanoate, Octyl isobutyrate, 
(E)-nerolidol, linalool and (E)-hex-2-enal), 58.7% (Methyl butanoate, (E)-nerolidol, 
linalool, -decalactone and (E)-hex-2-enal)), 68.4% (Methyl hexanoate, (E)-hex-2-enyl 
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acetate, (E)-nerolidol, linalool, and (E)-hex-2-enal) and 59.5% (Methyl hexanoate, (E)-
nerolidol, linalool, -decalactone and (E)-hex-2-enal)) in 10-004-168, 10-004-165, 10-
057-27, 08-029-80, 06-050-202, 07-048-190, Albion, Melba and San Andreas 
respectivly.  
 
The most abundant compounds from both seasons included, methyl butanoate, (E)-
nerolidol, linalool, -decalactone, -dodecalactone, methyl hexanoate, E-hex-2-enyl 
acetate, ethyl hexanoate, E-hex-2-enal, mesifurane and octyl isobutyrate. A study 
conducted in West Germany suggested that methyl butanoate, ethyl butanoate, methyl 
hexanaote, ethyl hexanoate, E-hex-2-enyl acetate, E-hex-2-enyl, E-2-hexen-1-ol and 
mesifurane were present in high concentrations in ripe Senga Sengana, Senga Litessa and 
Senga Gourmella strawberry cultivars. (Schreier, 1980). The current results are in 
agreement with this study except that ethyl butanoate and E-2-hexen-1-ol were not 
amongst the most abundant compounds, however they were still found in the Australian-
grown strawberries.  
 
In another study, ten strawberry cultivars (Ventana, Camarosa, 13G97, San Miguel, and 
Venice, Totem, Hood, Puget Reliance, Puget Summer, and “Independence”) grown in 
California and Oregon were analysed. The most abundant compounds were ethyl acetate, 
methyl butanoate, ethyl butanoate, ethyl isovalerate, methyl hexanoate, and ethyl 
hexanoate (Jetti et al., 2007). Ethyl acetate and ethyl butanoate were not the most 
abundant compounds in the current study, but were present in the smaller amounts. 
However, ethyl isovalerate was not detected in any of the advanced-breeding 
lines/varieties. In a study conducted in Australian-grown strawberries, it was stated that 
the most abundant compounds in Albion were γ-decalactone, methyl butanoate, methyl 
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hexanoate, E-hex-2-enal and E-nerolidol whereas in Juliette, E-hex-2-enal, E-nerolidol, 
mesifuran, E-hex-2-enyl acetate and linalool were abundant (Samykanno, 2012). The 
compounds that were found to be high in Samykanno study were also found to be high in 
the current study (Samykanno, 2012).  
 
According to the study conducted on FL 95-269, FL 99-164, FL 99-117, FL 00-51, FL 
01-116, Festival, Rubygem and Sugarbaby, the terpenoid profile of F. x ananassa was 
dominated by linalool and nerolidol (Jouquand et al., 2008). Similarly, Douillard and 
Guichard (1990) found that Maxim and Directeur Paul Wallbaum grown in France and 
were low in mesifurane, furaneol and nerolidol compared to Garigutte and Tioga. 
Furthermore, esters were the major compound group available in Senga Sengana and 
Vicomtesse Hericart de Thury. Likewise, Vicomtesse Hericart de Thury were high in 
decalactone. It appears that the most abundant volatile compounds in strawberries are 
similar in the studies discussed above. The aroma profile did not vary qualitatively among 
the genotypes, and the results are consistent with the fact that all the genotypes were bred 
from cultivated F. x ananassa. However, the differnet concentration/levels of these 
compounds may be due to the genotype x environment effect (discussed further in 
Chapter 3, Section 3.3.5) 
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2.3.2. Titratable acidity, total soluble solids and sugar/acid ratio of 
Australian-grown strawberry cultivars and advanced-breeding 
cultivars from two seasons. 
 
Table 2-6. Titratable acidity, total soluble solids and sugar/acid ratio of Australian-grown 
strawberry cultivars sampled in 2013-2014 growing season  
Acid 
(g/100ml) 
TSS (%Brix) Sugar/Acid ratio 
Albion 0.97 ±0.02 9.32 ±0.30 9.65 ±0.34 
Melba 0.96 ±0.02 7.97 ±0.32 8.40 ±0.34 
San Andreas 0.95 ±0.02 7.95 ±0.28 8.42 ±0.38 
Palomar  0.74 ±0.02 8.55 ±0.47 11.69 ±0.87 
Camino Real 0.77 ±0.04 7.23 ±0.44 9.53 ±0.78 
Data presented with the standard error of the chemical compounds for the season 
 
Table 2-7. Titratable acidity, total soluble solids and sugar/acid ratio of Australian-grown 
strawberry advanced-breeding lines/cultivars sampled in 2014-2015 growing season 
  Acid (g/100ml) TSS (%Brix) Sugar/Acid ratio 
10-004-168 1.06 ±0.10 9.14 ±0.83 9.84 ±2.15 
10-004-165 1.02 ±0.08 9.76 ±0.60 10.59 ±2.06 
10-057-27 1.01 ±0.11 11.25 ±0.95 11.86 ±2.48 
08-029-80 1.00 ±0.04 9.82 ±0.35 10.09 ±0.69 
06-050-202 0.81 ±0.05 9.24 ±0.46 11.86 ±0.83 
07-048-190 0.93 ±0.07 9.16 ±0.30 10.50 ±0.92 
Albion 1.31 ±0.07 8.60 ±0.40 6.72 ±0.45 
Melba 1.34 ±0.08 7.77 ±0.24 6.13 ±0.52 
San Andreas 1.32 ±0.07 8.03 ±0.33 6.35 ±0.60 
Data presented with the standard error of the chemical compounds for the season 
 
Sugars, acids and sugar/acid ratio are important parameters widely used to evaluate fruit 
quality (Kafkas et al., 2007). Table 2-6 and 2-7 depicts the titratable acidity, total soluble 
solids and sugar/acid ratio of advanced-breeding lines/cultivars sampled in the 2013-2014 
and 2014-2015 sampling seasons. Total soluble solids were measured in % Brix, which 
provided an indicative measurement of sugar content in the samples. Strawberry soluble 
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solids mainly consist of glucose, fructose and sucrose (Azodanlou et al., 2004) and it has 
been shown that there was a high correlation between total soluble solids and the sum of 
these sugars (Kallio et al., 2000; Pelayo-Zaldivar et al., 2005). During both seasons it was 
noted that sugar levels were different for each advanced-breeding line/cultivar and ranged 
between 7.23% Brix to 9.32% Brix in 2013-2014 and 7.77% Brix to 11.25% Brix in 2014-
2015. Similarly, previous study on Albion and Juliette cultivars showed sugar levels 
averaged 10.8% Brix and 10.6% Brix, respectively (Samykanno et al., 2013a; 
Samykanno, 2012). Furthermore, another study conducted in Finland during 1997 and 
1998 which included six strawberry cultivars (Senga Sengana, Jonsok, Korona, Polka, 
Honeoye and Bounty) showed a variation between 8.1% Brix to 13.1% Brix in 1997 and 
7.2% Brix to 10.3% Brix in 1998 (Kallio et al., 2000). Interestingly, total soluble solids 
of FL 95-269, FL 99-164, FL 99-117, FL 00-51, FL 01-116, Festival, Rubygem and 
Sugarbaby, varied between 6.2% Brix to 10.5% Brix (Jouquand et al., 2008). Sugar 
content seems to vary among the strawberry varieties and the previous studies 
demonstrated this. The current study also identified that the sugar content varied 
throughout the sampling season (Table 2-6 and 2-7), thus causing the sugar/acid ratio to 
vary. One of the reasons for this could be the genotype x environment interaction and the 
genotype variation (discussed further in Chapter 3, Section 3.3.5).  
 
Acid levels of the cultivars analysed ranged from 0.74g/100ml to 1.34g/100ml, a 1.8-fold 
difference. The study conducted by Kallio et al. (2000) also analysed the same cultivars 
for their titratable acidity which varied between 0.8g/100ml – 1.16 g/100ml in 1997 and 
0.74 g/100ml – 1.13 g/100ml in 1998. The titratable acidity of FL 95-269, FL 99-164, FL 
99-117, FL 00-51, FL 01-116, Festival, Rubygem and Sugarbaby, was between 5.79g/L 
(0.579g/100ml) – 10.24g/L (1.024g/100ml) (Jouquand et al., 2008). Similarly, the 
titratable acidity of Australian grown Albion and Juliette was 0.90g/100ml and 
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0.84g/100ml respectively (Samykanno et al., 2013a; Samykanno, 2012). The titratable 
acidity levels reported in the current study were similar to the previous studies. 
Strawberries containing a minimum of 7% sugars and a maximum of 0.8% acidity are 
considered to have an acceptable flavour (Pelayo et al., 2003). All the cultivars sampled 
in two seasons fulfil the criteria for sugars but exceed the maximum acid levels. However, 
the sugar/acid ratio defines the flavour of the strawberry, as high sugar levels can mask 
the acid levels in the fruits and vice versa.  
 
 
Figure 2-3. TSS/TA ratio of advanced-breeding lines and cultivars collected on 2013-
2014 and 2014-2015 season (Data presented with the standard error of TSS/TA ratio for 
the season) (p<0.05) 
 
The advanced-breeding lines contained significantly higher (p<0.05) sugar/acid ratio 
compared to the commercial cultivars in both seasons (Figure 2-3). Three cultivars that 
were sampled in both seasons had significantly different (p<0.05) sugar/acid ratio 
between the two seasons. Albion, Melba and San Andreas from 2014-2015 season 
contained the lowest levels of sugar/acid ratio. Advanced-breeding lines contained 
significantly higher sugar/acid ratio (p<0.05) compared to other cultivars in both years, 
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except for Palomar from 2013-2014. Furthermore, 10-057-27 from the 2014-2015 season 
had the highest sugar/acid ratio while Melba from the same sampling season had the 
lowest sugar/acid ratio. Flavour is defined as sweet, if the sugar/acid ratio was at least 7.0 
but if the ratio is lower than 7.0, it is considered to be acidic (Wozniak et al., 1997). A 
sensory study conducted on raspberry cultivars ‘Chilcotin’, ‘Chilliwack’, ‘Meeker’, 
‘Skeena’ and ‘Tulameen’ showed a correlation of 0.54, significant at p  0.001 indicating 
a moderate positive correlation between sweetness and sugar/acid ratio (Shamaila et al., 
1993). Furthermore, Albion, San Andreas and Melba from 2014-2015 possess a 
sugar/acid ratio of less than 7.0. The advanced-breeding lines were significantly higher 
(p<0.05) in sugar/acid ratio, indicating better quality fruits. A study conducted in China 
on Benihoppe, Tochiotome, Sachinoka, and Guimeiren showed high levels of sugar/acid 
ratio ranging from 16.32 to 20.65 (Liu et al., 2016). In addition, Samykanno et al. (2013a) 
reported that Albion and Juliette sampled in the 2010-2011 season in Australia consisted 
of sugar/acid ratio of 10.9 and 12.6 respectively. Furthermore, the sugar/acid ratios in 
Albion, Melba and San Andreas sampled in 2013-2014 were significantly higher (p<0.05) 
compared to 2014-2015. The difference in the sugar/acid ratios between sampling years 
was an indication of the environmental effect on sugar and acid production. This will be 
discussed in depth in Chapter 3. Sugar/acid ratio is an important indication of fruit quality, 
however the variation of the production of sugar and acid may depend on the 
cultivar/genotype and environmental conditions. 
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2.3.3. Genetic relationship among strawberry genotypes based on quality 
attributes. 
A hierarchical dendrogram (Figures 2-4 and 2-5) was generated based on the chemical 
composition of all the volatile compounds, sugars, acid and sugar/acid ratio. The 
relationship of these genotypes was compared with the known parentage information 
(Table 2-8). In both 2013-2014 and 2014-2015 hierarchical clustering identified two main 
clusters at a truncation point of 5 and 6 respectively. In both seasons, Melba, the 
Australian variety clustered further away from other advanced-breeding lines and 
cultivars. American varieties clustered together in both years, however, the Australian 
advanced-breeding line genotypes clustered together with the American cultivars in the 
2014-2015 season suggesting a genetic similarity for flavour compound production with 
the American cultivars. In both years, Albion and San Andreas grouped together inferring 
the genetic similarity (Table 2-8). Furthermore, in 2013-2014, Camino Real and Palomar 
grouped together suggesting the genetic similarity of these two cultivars. In 2014-2015 
season, 10-004-165 and 10-004-168 were from the same parents (different seedlings), 
however, they clustered together but not in the same clade. The hierarchical clustering 
based on the chemical composition agreed with the available parentage information.  
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Table 2-8. Parentage of strawberry genotypes used in the chemical and sensory 
evaluation. 
Variety Cultivar Types Parentage Source 
Albion Day-neutral  Diamante x Cal 94.16-1 USA 
Camino Real  Short-day Cal 89.230-7 x Cal 90.253-3 USA 
Melba Day-neutral 97-101-75 x 04-99-142 Australian 
Palomar Short-day (June bearing) Camino Real x Ventana USA 
San Andreas Day-neutral Albion x Cal 97.86-1 USA 
10-004-165 Putative as Short-day Juliette x 05-014-134 Australian 
10-004-168 Putative as Short-day Juliette x 05-014-134 Australian 
06-050-202 Putative as Day-neutral 99-089-84 x 01-062-920 Australian 
08-029-80 Putative as Day-neutral 02-110-241 x 03-055-213 Australian 
07-048-190 Putative as Day-neutral Melba x 03-055-213 Australian 
10-057-27 Putative as Day-neutral 04-029-364 x 05-069-194 Australian 
 
 
The chemical composition of the advance-breeding lines and cultivars were genotype 
dependent. Melba was the only Australian cultivar sampled in the 2013-2014 season 
which was the most distant from other genotypes (Figure 2-4) and, the most notable 
differences of chemical composition were the high level of linalool (27.92%), low level 
of (E)-nerolidol (19.7%) and no -decalactone. Furthermore, Albion and San Andreas 
which clustered closer together have significantly higher (p<0.05) levels of -
dodecalactone (6.09% and 7.13% respectively) compared to Palomar and Camino Real 
(3.83% and 2.68% respectively) (Table 2-5). Moreover, an analysis of variance between 
the genotypes from 2013-2014 indicated that Melba was significantly different (p<0.05) 
from other cultivars due to the compounds listed in Appendix 6-. 
 
Similarly, from the cultivars sampled in the 2014-2015 season showed that Melba was 
the most distant from other genotypes, however, in this case, the Australian advanced-
breeding lines were clustered closer with the American cultivars Albion and San Andreas 
(Figure 2-5). In 2014-2015 the distinguishing differences were similar to 2013-2014 i.e. 
high level of linalool (35%), low level of (E)-nerolidol (8%) and no -decalactone in 
Melba. All the advanced-breeding lines except 08-029-80 (0.3%) did not contain -
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decalactone, however, (E)-nerolidol and linalool levels in the advanced-breeding lines 
were closer to the levels in the American cultivars than in Melba. Additionally, an 
analysis of variance between the genotypes from 2014-2015 indicated that Melba was 
significantly different (p<0.05) from advanced-breeding lines and other cultivars due to 
the compounds listed in Appendix 6-2. 
 
A multivariate analysis of variance (GLM) on chemical composition of Albion and 
Juliette to determine the environmental, genotypic and GxE interaction effects on the 
cultivars showed (E)-nerolidol, -decalactone and -dodecalactone had higher F-values 
(p<0.05) for genotype, signifying the effect of these compounds were genotype 
dependent. In contrast, the same study suggested that linalool was highly effected by 
environment compared to genotype (Samykanno, 2012). However, this study only 
included two cultivars and thus the statistical accuracy was insignificant to conclude the 
genotype x environmental effects. The compounds that were significantly different 
between Melba, other cultivars and advanced-breeding lines had higher broad-sense 
heritability in the current study (discussed further in Chapter 3, Section 3.3.5). The 
advanced-breeding lines were closer to the chemical composition of American cultivars, 
which suggests that Australian germplasm is becoming more flavoursome similar to San 
Andreas and Albion (Figure 2-5). 
According to these results, there was less genetic diversity between the cultivars that were 
tested. It was shown that modern cultivars are from a narrow germplasm (Sjulin and Dale, 
1987), thus these results confirmed the small gene pool in local strawberry cultivars. 
Strawberries are prone to inbreed depression, therefore it was necessary to understand the 
relationship between the cultivars as this can minimize the vulnerability to disease, pests 
and environmental stress (Galletta and Maas, 1990; Graham et al., 1996). This could be 
a suitable way of analysing breeding materials for their diversity. For instance, all the 
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Australian cultivars were bred for good flavour and environmental adaptation, therefore 
it is important to have better breeding materials with vast diversity. 
 
 
 
  
Figure 2-4 Hierarchical dendrogram generated using average-linkage-between-groups 
method and squared Euclidean distance showing genetic relatedness, based on the aroma 
profiles of five strawberry genotypes sampled in 2013-2014 season.  The steps of 
dendrogram shows the combined clusters and the values of the distance coefficients at 
each step; the values have been rescaled to numbers between 0 and 25, preserving the 
ratio of the distances between the steps. 
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Figure 2-5 Hierarchical dendrogram generated using average-linkage-between-groups 
method and squared Euclidean distance showing genetic relatedness, based on the aroma 
profiles of nine strawberry genotypes sampled in 2014-2015 season.  The steps of 
dendrogram shows the combined clusters and the values of the distance coefficients at 
each step; the values have been rescaled to numbers between 0 and 25, preserving the 
ratio of the distances between the steps. 
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2.4. Conclusion 
The cultivars and Australian advanced-breeding lines contained esters, terpenoids, 
lactones, aldehydes, furans, alcohols and acids. The cultivars and advanced-breeding 
lines from both years possessed high levels of esters and terpenoids. In contrast, the 
American cultivars, Albion, San Andreas, Palomar and Camino Real had greater amounts 
of lactones compared to Australian advanced-breeding lines and Melba (Figure 2.2). In 
addition, the advanced-breeding lines had significant levels of lactones compared to the 
Australian cultivar Melba. Furthermore, Albion, San Andreas and Melba which were 
sampled in both seasons showed differences between volatile groups. Lactones were 
significantly high in cultivars/genotypes sampled in 2013-2014 compared to 2014-2015. 
Furthermore, the aldehyde levels were high in 2014-2015 compared to 2013-2014. The 
seasonal differences are an indication of the environmental effects as the plants of each 
genotype were clones. Sugars and acids in strawberries were another substantial flavour 
measurement. However, sugar/acid ratio provides better indication of “sweetness”. The 
advanced-breeding lines from 2014-2015 and Palomar from 2013-2014 showed the 
highest sugar/acid ratio. Whereas, Melba, San Andreas and Albion sampled in 2013-2014 
had higher sugar/acid ratios compared to 2014-2015. The significant differences of the 
sugar/acid ratios between the two seasons specified the environmental effects on sugar 
and acid production.  
 
The hierarchical clustering based on volatile compounds, sugars and acids implied the 
agreement with the available parentage information of cultivars and advanced-breeding 
lines. The Australian cultivar Melba, clustered separately from other cultivars and 
advanced-breeding lines in both years. In conclusion, American cultivars showed 
elevated levels of flavour compounds compared to the Australian cultivar Melba. 
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However, the Australian advanced-breeding lines had closer chemical profiles to the 
American cultivars. This indicates great improvement of the breeding materials in the 
Australian breeding program 
. 
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3 
3. Environmental Effects and 
Inheritance of Flavour Characteristics 
in Australian-Grown Strawberry 
Cultivars 
 
3.1. Introduction  
Strawberry aroma, flavour, nutritional quality and yield are reported to be influenced by 
air temperature, soil temperature, relative humidity, rainfall, photosynthetically-active 
radiation, mulch cover, rain cover and fertilisation (Anttonen et al., 2006; Diamanti et al., 
2008; Esitken et al., 2008; Krüger et al., 2008; Loughrin and Kasperbauer, 2002; Rohloff 
et al., 2004; Samykanno et al., 2013b; Wang and Camp, 2000). Based on these previous 
studies, relative humidity (RH), air temperature (Tair), soil temperature (Tsoil), soil 
moisture (SM), photosynthetically active radiation (PAR) and rainfall were selected as 
environmental parameters for the current study and the data that were readily available. 
The main method of cultivation of strawberries in Australia is open-field (O’Connor, 
2009), therefore the current research was to extend the investigation of the effects of the 
Australian climate, in particular Victorian climate on the quality attribute development. 
Previous studies included investigation of harvest dates and seasonal effect on strawberry 
quality attributes using several strawberry genotypes/cultivars from the University of 
Florida breeding program and two Australian bred varieties, Rubygem and Sugarbaby, 
by sensory and chemical evaluations. These studies only included 2-3 sampling dates 
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(one month apart) harvested for two seasons (Jouquand et al., 2008). Furthermore, 
another study analysing environmental effect on the quality attributes of 3 Californian 
cultivars included only two sampling dates (three months apart) in the same season 
(Pelayo-Zaldivar et al., 2005). Expanding on these studies, Watson et al. (2002) evaluated 
the influence of harvest date and shade treatments on flavour development in cultivar 
Elsanta. The strawberries were sampled two days apart for five days. Moreover, an 
Australian study (Victoria) from our lab included only two cultivars Albion and Juliette 
(Samykanno et al., 2013b). The Samykanno et al. (2013b). study is the only Australian 
study conducted on the related topic. The work discussed here had similar aims but the 
current study included the highest number of sampling weeks and most of the Australian 
grown cultivars/genotypes including advanced-breeding lines.  
 
Apart from environmental effect, genotypic variation may also influence strawberry 
chemical and quality attributes. Different genotypes might respond differently to the same 
environmental conditions depending on the genotype x environment (GxE) interaction. 
In addition, genotypic variation could impact yield, appearance, pest and disease 
resistance and post-harvest storage life which are a few of the main priorities of the classic 
strawberry breeding. Nevertheless, recent interest is focused on strawberry flavour 
development (Klee, 2010) as consumer satisfaction has been one of concerns of the 
strawberry industry.  
 
Inheritance studies can contribute to the understanding of characterisation of the 
strawberry aroma and is important for breeders (Olbricht et al., 2008). The different 
volatile compounds exhibit different degree of inheritance (Olbricht et al., 2008). This is 
reasonable as these compounds are produced from diverse biochemical pathways. 
Secondly, in this chapter, the broad-sense heritability, genetic, environmental and GxE 
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effect on chemical compounds and quality attributes will be discussed in five commercial 
cultivars, Melba, San Andreas, Albion, Palomar, Camino Real and six advanced-breeding 
lines, 10-004-165, 10-004-168, 06-050-202, 08-029-80, 07-048-190 and 10-057-27. 
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3.2. Materials and Methods 
3.2.1. Strawberry samples and quality parameter analysis 
The strawberry samples and the sampling method are described in Chapter 2, Section 
2.2.1. In brief; the genotypes Albion, Camino Real, Melba, Palomar and San Andreas 
were sampled for 16 non-consecutive weeks during the growing season from November 
2013 to April 2014. Furthermore, Melba, San Andreas, Albion and the advanced-breeding 
lines 10-004-165, 10-004-168, 06-050-202, 08-029-80, 07-048-190 and 10-057-27 were 
also sampled for 15 non-consecutive weeks the following year from November 2014 to 
March 2015. 
For the convenience of discussion, volatile compounds, sugars, acids and sugar/acid ratio 
will be referred to as quality parameters. This chapter will use this information from 
Chapter 2 to understand the environmental influence on strawberry flavour.  
 
3.2.2. Environmental data 
The environmental data (rainfall, air temperature (Tair) and relative humidity (RH)) for 
the Coldstream commercial farm was obtained and compiled from the nearby Coldstream 
weather observation station, Victoria, situated 5.18 km from Wandin North, 
(37°43'12.0"S 145°24'36.0"E; elevation: 83 m) (Australian Bureau of Meteorology).  
At the strawberry breeding farm in Wandin (37° 46' 57.5148'' S 145° 25' 34.3416'' E), an 
8-channel EasiData Mark 4 weather station was fitted with sensors for RH (RH40; 
Channel 1); air temperature T
air 
 (TA10, Channel 2); soil temperature (T
soil
) (TS45E, 
Channel 3); soil moisture (SM) (SM61, Channel 4) and photosynthetically active 
radiation (PAR) (PR10; Channel 5) (Environdata, Queensland, Australia). The weather 
station was installed less than 2 m from the bed where strawberries were sampled and the 
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Tsoil and SM sensors were embedded in plot 2, row 12. Environmental data of the plant 
obtained using the EasiAccess software (version 1.767; Environdata, Australia). Average 
weather conditions of one week before the sampling date were used for the analysis, and 
are discussed further in Section 3.3.3. The environmental data were collected for both 
seasons (2013-2014 and 2014-2015), however the environmental correlation studies were 
only performed using 2014-2015 strawberry genotypes in Section 3.3.4. 
 
3.2.3. Statistical analyses 
Pearson’s correlation coefficients and associated probabilities were determined for 
identifying significant correlations between the environmental parameters and quality 
attributes using IBM SPSS Statistics v.23. This provided the relationship probabilities 
between the environmental parameters and chemical and quality attributes. This 
relationship indicates the influence of each environmental parameter on chemical 
compounds and quality parameters.  
 
Furthermore, multiple linear regression analysis was performed to generate regression 
equations for quality parameters and chemical compounds that were significantly 
influenced by the environment (IBM SPSS Statistics v. 23). A combination of 
environmental parameters were found to influence certain quality parameters in 
strawberries. Therefore, the quality parameters were further analysed to obtain their 
individual environmental parameter effect using multiple linear regression. The 
compounds that were influenced by at least one environmental parameter were used in 
the regression analysis. Appendix 6.1 contains the regression analysis of these 
compounds for each cultivar. The regression equations were considered if they were 
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significant and/or exhibited significant contributions by at least one environmental factor 
at p ≤ 0.05. Regression equations provide greater understanding about the environmental 
parameter influence on quality and chemical attributes in different genotypes. 
 
In addition, a general linear model (GLM) was used to examine the effects of genotype, 
environment, and their interaction on the volatile compounds, sugars and acid levels. 
Phenotypic variance (VP) is a measure of all variability for a trait, and the contribution of 
genotype to this variation is called genetic variance (VG) whereas the contribution of the 
environment is called environmental variance (VE). Another source of phenotypic 
variation is GxE interaction (VGxE). The GxE interaction only exists when the effect of 
genotype is dependent on the environment. The effect of genotype, environment and GxE 
on quality attributes was evaluated by examining the corresponding “F” statistic (the 
larger the F statistic value, the larger the contribution of the term to the total variance) 
and the associated p-value (significance) in the GLM results obtained, where the level of 
significance was set at 5%.  
  
The least significant difference test (LSD) was used to identify significant differences in 
mean volatile compounds, sugars and acid level values between genotypes.  
The GLM was performed in IBM SPSS Statistics (v. 23) using the data for quality 
parameters, which were detected over at least 50% of the 2014-2015 harvest dates in the 
collected genotypes. The mean squares (MS) for the ‘genotypes’, ‘weeks (environment)’, 
‘technical replicates’, ‘genotypes x weeks’, ‘error’ terms, and the degrees of freedom 
(d.f.) for the ‘error’ term were obtained from the SPSS output for the GLM. Partitioned 
mean squares from the GLM were converted into genotypic and environmental variances 
using the expectation of mean squares for this experiment (Table 3-1) (Pang and Halloran, 
1996). 
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Table 3-1 Analysis of variance and expectation of mean squares for a design involving 
week replicates of variance analysed (Pang and Halloran, 1996). 
Source of variation d.f. MS Expectation of MS 
Genotype (G) (n1-1) MS(G) σE
2 +mσGW
2 +mn2σG
2  
Week (W) (n2-1) MS(W) σE
2 +mσGW
2 +mn1σW
2  
Genotype x Week (GW) (n1-1) (n2-1) MS(GW) σE
2 + mσGW
2  
Error (E) n1 n2 (m-1) MS(E) σE
2 
 
Broad-sense heritability was determined using the mean squares (MS) for the “Genotype 
(G)”, “Environment (E)” and “GxE interactions” obtained in 3.1.5.3 (Pang and Halloran, 
1996). 
HB
2 =  
VG
VG +  VW
=  
σG
2
σG
2 +  σW
2  
 
VG =  G2  = genotypic variance; VW =  W2  = environmental variance 
Least significant difference (LSD) was calculated using the error of the mean square from 
the GLM using the following equation. LSD is used in the context of analysis of variance 
when the difference between population means is significant. LSD is a statistical 
technique used to establish the significant differences (Snedecor and Cochran, 1991).  
𝐿𝑆𝐷 = 𝑡0.05 × √
𝐸𝑟𝑟𝑜𝑟 𝑀𝑒𝑎𝑛 𝑆𝑞𝑢𝑎𝑟𝑒
𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒
 
 
𝑡0.05 = 1.96 (𝑓𝑜𝑟 𝑛 ≥ 20) 
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The chemical and genetic relationship between the cultivars and advanced-breeding lines 
was determined by generating two dissimilarity dendrograms (IBM SPSS Statistics v. 23) 
using the average-linkage-between-groups method and Pearson’s correlation.  
 
Stability grouping was conducted using the mean of selected quality parameters and was 
plotted against the coefficient of variance (CV). The mean CV and the mean of each 
quality parameter was used to divide the figures into four groups: 
Group 1 – high levels of quality parameter, small variation. 
Group 2 – high levels of quality parameter, large variation. 
Group 3 – low levels of quality parameter, small variation. 
Group 4 – low levels of quality parameter, large variation. 
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3.3. Results and Discussion 
3.3.1. Variations in acids, sugars and sugar/acid ratio between harvest 
dates 
Fluctuation in the acids, sugars and sugar/acid ratio between harvest dates of 2013-2014 
and 2014-2015 for commercial cultivars and the Australian advanced-breeding lines are 
illustrated in Figures 3-1 to 3-6. These cultivars were sampled for a substantial number 
of weeks, including short-day and day-neutral genotypes, providing one of the highest 
sampled weeks and genotypes per season for discussion.
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Figure 3-1. Variation in titratable acidity across 2013-2014 harvest dates for commercial cultivars. (LSD= 0.07) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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Figure 3-2 Variation in titratable acidity across 2014-2015 harvest dates for commercial cultivars. (LSD= 0.08) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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The acid levels expressed in all the genotypes from season 2013-2014 were relatively 
consistent (Figure 3-1). However, in comparison, in 2014-2015 (Figure 3-2) season 
showed a greater fluctuation of acid levels was observed for all genotypes. Interestingly, 
the genotypes followed a similar pattern to each other throughout the season. It was 
inferred that the variation of acids could also mainly be attributed to genotype since large 
differences between genotypes were observed in the 2014-2015 season. The variation 
caused by GxE interactions appeared to be larger for TA, compared to TSS and TSS/TA. 
Albion and San Andreas, 10-004-168 and 08-029-80, 10-057-27 and 10-004-165, 07-048-
190 and 06-050-202 followed similar patterns of TA with graphs intersecting at 5, 2, 2 
and 3 sampling points respectively (Figure 3-2). The pairing of these genotypes was 
explained by the genetic relationship among these genotypes which was discussed in 
Chapter 2, Section 2.3.3. 
Our findings are consistent with previous reports by Shaw (1990) whi analysed seedlings 
(Fragaria x ananassa Dutch.) from 40 bi-parental crosses and concluded that titratable 
acidity was environmentally stable and more dependent on the genotype. These results 
are also consistent with a previous strawberry clonal study on titratable acidity by the 
same author (Shaw, 1988). Furthermore, Chandler et al. (2002) stated that the acid levels 
of strawberry cultivars Flame, Kabarla, Camarosa, Selva, Sweet Charlie and Joy did not 
vary across the harvest dates. In contrast, Kalt and McDonald (1997) reported significant 
differences in citric and malic acids contents between seasons, possibly as a result of 
water stress. Another conflicting study performed on Australian-grown Albion and 
Juliette found large differences between acid contents of the two cultivars for many of 
the harvest dates (Samykanno et al., 2013b). Given the inconsistencies, it is difficult to 
conclude whether the environment, or the strawberry genotype is the main determinant 
of titratable acidity. Further studies should focus on the expression of and levels of 
titratable acidity in several varieties over a number of growing seasons. 
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Figure 3-3. Variation in total soluble solids across 2013/14 harvest dates for commercial cultivars (LSD=0.68) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This  provides a graphical basis 
for pairwise comparison between means.  
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Figure 3-4. Variation in total soluble solids across 2014/15 harvest dates for commercial cultivars (LSD=0.52) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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Total soluble solids is an indication of the total sugar content in the strawberries. For 
2013-2014 season, the sugar levels for all genotypes did not fluctuate rapidly however, 
the day-neutral cultivars expressed increased levels of sugars between 8th January 2014 
to 22nd January 2014. Between the two short-day cultivars, there were no significant 
difference (p>0.05) in the trend of sugar level fluctuations. However, compared to short-
day cultivar Camino Real, Palomar contained higher sugar levels. In 2014-2015, day-
neutral commercial cultivars and advanced-breeding lines showed similar trends of sugar 
levels throughout the season. However, in general, day-neutral advanced-breeding lines 
expressed higher sugar levels compared to the day-neutral commercial cultivars. In 
addition, the short-day advanced-breeding lines showed similar trends as day-neutral 
cultivars. Sugar contents were higher in short-day, compared to the day-neutral cultivars 
and both the short-day and day-neutral advanced-breeding lines. The differences between 
the means of the genotypes were usually small, indicating that the variation due to 
genotype was probably low while the variation due to the environment was high. The 
variance caused by GxE interactions appeared to be larger for sugars compared to acids 
and sugar/acid ratio. The titratable acidity and sugars followed the same genotype paring 
(discussed in previous paragraph). Albion and San Andreas, 10-004-168 and 08-029-80, 
10-057-27 and 10-004-165, 07-048-190 and 06-050-202 followed similar patterns of 
sugars where graphs intersected at 4, 3, 1 and 5 sampling points respectively (Figure 3-
4) 
 
The TSS could be attributed to sweetness and can vary with the harvest dates. The large 
interaction effect between the genotype and harvest dates decreased the genotypic 
consistency for sugars in strawberries (Chandler et al., 2002; Shaw, 1988). Shaw (1988) 
reported that despite the genotypic variation there were small differences in total sugars 
and soluble solid content. Furthermore, the relative expression of sucrose, glucose and 
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fructose were stable throughout the harvesting season. According to Palmieri et al. 
(2017), TSS expressed in Clery, Elsanta and Eva strawberry varieties grown at three 
different altitudes were similar in levels. The same author suggested that the varieties 
showed slightly higher TSS in mountain compared to lower altitudes attributing it to 
higher UV-radiation intensity difference. A comparative study conducted on Australian 
grown Juliette and Albion showed that there was little variation between sugar content of 
the two cultivars for the majority of the sampling dates (Samykanno et al., 2013b). 
According to the current study, the sugar levels varied between the sampling dates and 
this was due to the variation in environmental conditions, which will be discussed further 
in Section 3.3.4. 
 
A high sugar/acid ratio is integral to strawberry flavour and is determined by fluctuations 
of individual sugars and acids. The sugar/acid ratio in commercial cultivars in 2013-2014 
(Figure 3-5) showed similar trends to total sugars in the same sampling season. However, 
in 2014-2015, the day-neutral commercial cultivars displayed lower sugar/acid ratio 
compared to the day-neutral advanced-breeding lines. Furthermore, short-day advanced-
breeding lines showed high sugar/acid ratio throughout the sampling dates compared to 
the day-neutrals. Significant differences in data points were observed for harvest dates 
thus, it could be likely that the variation was due to the genotype and the environment. 
The high sugar/acid ratio in the advanced-breeding lines could be explained by the 
breeding environmental conditions (discussed further in Section 3.3.4). However, 
Australian cultivar Melba produced similar ratios as the Californian (USA) cultivars; 
Albion and San Andreas. A similar study conducted between Albion and Juliette showed 
that the latter produced a higher sugar/acid ratio compared to Albion, indicating that the 
Australian cultivar was more stable under the local environmental conditions 
(Samykanno, 2012).  
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The comparison of Albion, Melba and San Andreas, which were sampled in both years 
showed that the levels of sugars, acids and sugar/acid ratio in season 2013-2014 was more 
stable between sampling dates compared to 2014-2015. Effects of harvest dates were 
essentially a subset of the effects of environment and thus the variations in quality 
attributes (i.e sugar/acid ratio) between and within the harvest dates. The analysis of 
environmental effects on volatile compounds, sugars, acids and sugar/acid ratio were 
determined to be best understood by the effect of genotype and environment on cultivars.  
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Figure 3-5. Variation in TSS/TA ratio across 2013/14 harvest dates for commercial cultivars (LSD=0.75) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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Figure 3-6. Variation in TSS/TA ratio across 2014/15 harvest dates for commercial cultivars (LSD=0.79) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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3.3.2. Variations in volatile compounds between harvest dates 
Volatile compound composition in strawberries can vary throughout the season 
depending on sampling date, genotype or GxE. The number of volatile compounds 
analysed exceeded 20, therefore this discussion will mainly focus on a few highly 
desirable compounds identified by the research detailed in Chapter 4. The desirable 
compounds -dodecalactone (Figure 3-7 and 3-8), (E)-hex-2-enyl butanoate (Figure 3-9 
and 3-10) and mesifurane (Figure 3-11 and 3-12) were detected in both harvesting seasons 
and were therefore included in the discussion. There was lack of research on intensive 
studies of individual compound level variation over the harvesting period.   
 
The levels of -dodecalactone showed minor variations throughout the season in 2013-
2014 except in San Andreas on 5th March 2014. The -dodecalactone levels of this variety 
increased six-fold on 5th March 2014 and subsequently declined six-fold by 18th March 
2014. In 2014-2015 the -dodecalactone levels were steady throughout the season (Figure 
3-8). However, 10-057-27 sampled on 10/12/2014, 07/01/2015 and 14/01/2015 had 
significantly higher levels (p<0.05) of -dodecalactone compared to other genotypes 
(Overlapping LSD bars indicate means are significantly different at p<0.05). (explained 
further in 3.3.6).  
 
(E)-hex-2-enyl butanoate was only present in Camino Real, Palomar and Albion in 2013-
2014 season and fluctuated substantially throughout the season. In the second sampling 
season, (E)-hex-2-enyl butanoate trends were similar to the previous sampling year. 
Importantly, the levels of (E)-hex-2-enyl butanoate dramatically increase in 10-057-27.  
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In addition, short-day commercial cultivars showed no/low levels of mesifurane in 2013-
2014. The day-neutral cultivars did not contain mesifurane during the start of the season 
but had high levels of it on and after 8th January 2014. Melba contained higher levels of 
mesifurane (Figure 3-12) compared to Albion and San Andreas. In 2014-2015, 
mesifurane levels varied throughout the season for all the genotypes. However, 10-004-
168 and 10-057-27 comprised of higher levels of mesifurane compared to other cultivars 
and advanced-breeding lines. The intersecting graphs during sampling dates signified the 
presence of GxE interaction. Genotypic and environmental effects on volatile compounds 
will be further discussed in Section 3.3.4.  
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Figure 3-7. Variation in -dodecalactone across 2013/14 harvest dates for commercial cultivars (LSD=1.42) (p<0.05). 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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Figure 3-8. Variation in -dodecalactone across 2014/15 harvest dates for commercial cultivars (LSD=0.55) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different  at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
-1
1
3
5
7
9
11
13
15
19-Nov-1426-Nov-14 03-Dec-14 10-Dec-14 18-Dec-14 07-Jan-15 14-Jan-15 21-Jan-15 28-Jan-15 04-Feb-15 11-Feb-15 18-Feb-15 26-Feb-1504-Mar-1511-Mar-15
𝜸
-d
o
d
ec
al
ac
to
n
e 
p
ea
k 
ar
ea
 %
Harvest date
10-004-168
10-004-165
10-057-27
08-029-80
06-050-202
07-048-190
Albion
Melba
S. Andreas
  101 
 
 
 
Figure 3-9. Variation in (E)-hex-2-enyl butanoate across the 2013/14 harvest dates for commercial cultivars (LSD=0.18) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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Figure 3-10. Variation in (E)-hex-2-enyl butanoate across 2014/15 harvest dates for commercial cultivars (LSD=0.10) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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Figure 3-11. Variation in mesifurane across 2013/14 harvest dates for commercial cultivars (LSD=0.26) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different  at p=0.05. This provides a graphical basis 
for pairwise comparison between means.  
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Figure 3-12. Variation in mesifurane across 2014/15 harvest dates for commercial cultivars (LSD=0.47) (p<0.05) 
Least significance difference (LSD) bars are displayed (LSD bars are based on error mean square). Overlapping bars indicate that the means are not significantly different at p=0.05. This provides a graphical basis 
for pairwise comparison between means
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3.3.3. Correlation between environmental factors 
Table 3-2. Pearson's correlation coefficients for significant correlations among 
environmental parameters measured. 
 
 RH Tair Tsoil SM PAR 
Tair -0.53**     
Tsoil -0.48** 0.89**    
SM ns ns 0.18*   
PAR -0.60** 0.43** 0.56** ns  
Rainfall 0.28** ns ns ns -0.25** 
*Correlation is significant at p0.05 
**Correlation is significant at p0.01 
ns-not significant 
 
Pearson’s correlation analysis revealed positive and negative correlations between the 
different environmental factors (Table 3-2). As expected, the highest significant positive 
correlation was between Tsoil and Tair. Similarly, PAR and RH showed the highest 
significant negative correlation. RH was negatively correlated with Tair, Tsoil and PAR 
and positively correlated with rainfall. The increase in PAR most likely suggests there is 
more sunlight and less moisture in the air and therefore, it is logical that RH would 
decrease. Similarly, when there is more rainfall, air moisture level increases causing RH 
to increase. The Tair and Tsoil were also naturally expected to be correlated under open-
field conditions. Interestingly, rainfall was expected to be correlated with soil moisture, 
however it did not. This may be because the soil beds were covered in plastic covers and 
irrigated daily to maintain the soil moisture. During rainy days, the farm is irrigated less 
and vice versa. 
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According to the preliminary studies conducted by Samykanno et al. (2013b) on two 
Australian grown strawberry cultivars, it was shown that one week daily averages of each 
environmental parameter resulted in the highest number of significant correlations. It was 
concluded that the environmental conditions of the week prior to the sampling dates had 
greater influence on flavour development. According to Herrington et al. (2008), rain-
events and cloud cover result in low levels of PAR. In Elsanta (day-neutral) cultivar, 
antioxidant capacity, total phenolic content and acidity were greatly influenced by 
environmental factors (daily average temperature and PAR) of 10 days prior to sampling 
compared to 20 days (Krüger et al., 2008). Furthermore, in Korona (short-day) cultivar, 
the climate conditions of the five days prior to harvest date was more influential than that 
of 10 days (Krüger et al., 2008). In addition, from a study on days to maturity on Albion 
and Juliette, it was observed that blush fruits usually took about a week to fully ripen 
(Samykanno, 2012), therefore, environmental parameters of one week prior to harvesting 
date had greater influence on fruit attributes.   
 
3.3.4. Correlation of volatile compounds, acids and sugars with the 
environment  
This section discusses the environmental influence on quality attributes of the harvest 
season 2014-2015 (Figures 3-13 to 3-18). Season 2014-2015 consisted of the most 
number of genotypes and thus the discussion will only include information collected 
during the 2014-2015 season.  
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The heat map shows black for highest positive significance and shades of red to represent the decreasing significance of the 
calculated Pearson’s correlation. Highest negative correlation indicated by blue and shades of purple represent the decreasing 
significance of the calculated Pearson’s correlation. Green shows no Pearson’s correlation.  
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p0.001 0.001<p0.01 0.01<p0.05 0.05<p0.1 NS 0.05<p0.1 0.01<p0.05 0.001<p0.01 p0.001 
  
10-004-168 08-029-80 10-057-27 10-004-165 07-048-190 06-050-202 Albion S.	Andreas Melba
-55% -60% 46% Octanol	acetate
-60% -71% -71% Octyl	isobutyrate
-52% -44% -66% N-octyl	2-methyl	butyrate
-56% 62% -52% -51% Butyl	butanoate
76% -46% -41% 45% Hexyl	butanoate
90% -27% 95% Hexyl	hexanoate
-84% 28% Hexyl	acetate
39% 56% 36% 3-methylmethyl	butanoate
31% 34% 29% Ethyl	4-ethoxy	benzoate
-52% 71% 45% 41% 30% 56% Methyl	hexanoate
47% 31% 67% Propyl	3-acetyl	propanoate
42% 69% -66% 53% Ethyl	hexanoate
40% -32% -25% Hexanoic	acid
46% -62% 44% -41% 1-methylethyl	hexanoate
63% -31% 66% -48% 37% 30% 39% 23% Methyl	octanoate
-26% (E)-linalool	oxide
-52% 47% Mesifuranne
35% -55% -50% -75% -29% -59% (E)-Nerolidol
62% 38% 63% 40% 23% 3-methylbutyl	acetate
-29% 67% -51% -58% TSS
40% 51% 34% TSS	to	TA	ratio
-45% -45% -56% -73% -45% g-dodecalactone
51% 36% -36% 83% 33% Propyl	butanoate
-26% -30% 25% Ethyl	butanoate
S-methyl	thiobutanoate
78% 81% 50% -33% 28% 35% (E)-Hex-2-enyl	butanoate
85% 42% 48% 60% Propyl	hexanoate
50% 41% 81% 69% 27% 29% 26% Ethyl	hexanoic	acid
45% 38% (Z)-linalool	oxide
-31% g-decalactone
50% 25% Isopropyl	butanoate
-85% -47% 44% 32% Methyl	butanoate
64% 42% 34% 53% -55% Linalool
72% 32% 76% -32% 35% 29% a-terpinolene
59% -32% 47% Ethyl	1-hexyl	acetate
-52% -41% -35% -46% -29% TA
32% -57% 36% Hexanal
41% 47% 47% 43% 31% 38% (E)-Hex-2-en-1-ol
36% 52% 49% 33% 27% (E)-Hex-2-enal
61% -75% 33% 37% 31% (E)-Hex-2-enyl	acetate
41% 32% 49% 33% 43% 2-methylbutyl	acetate
48% 53% 29% Benzyl	acetate
44% -62% 57% 54% (Z)-Hex-3-enyl	acetate
57% 38% 78% 40% Nonanal
62% 34% 48% 32% Hexan-1-ol
Figure 3-13. Effect of air temperature on volatile compounds, TA, TSS and TSS/TA ratio (2014-
2015) 
 
  108 
Figure 3-14. Effect of PAR on volatile compounds, TA, TSS and TSS/TA ratio (2014-
2015) 
The heat map shows black for highest positive significance and shades of red to represent the decreasing significance of the 
calculated Pearson’s correlation. Highest negative correlation indicated by blue and shades of purple represent the decreasing 
significance of the calculated Pearson’s correlation. Green shows no Pearson’s correlation.  
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10-004-168 08-029-80 10-057-27 10-004-165 07-048-190 06-050-202 Albion S.	Andreas Melba
-35% -36% 31% Octanol	acetate
-35% Octyl	isobutyrate
-32% N-octyl	2-methyl	butyrate
-30% -45% Butyl	butanoate
81% -77% Hexyl	butanoate
63% 85% 55% 53% Hexyl	hexanoate
-70% -66% Hexyl	acetate
35% 53% 42% 3-methylmethyl	butanoate
44% 46% 41% 34% Ethyl	4-ethoxy	benzoate
83% 36% 34% 43% Methyl	hexanoate
77% Propyl	3-acetyl	propanoate
88% 95% Ethyl	hexanoate
-71% 34% 45% Hexanoic	acid
79% 46% -65% 55% 74% 26% 1-methylethyl	hexanoate
83% Methyl	octanoate
43% (E)-linalool	oxide
85% 33% 50% 45% 28% Mesifuranne
-73% -48% (E)-Nerolidol
-33% 38% 25% 3-methylbutyl	acetate
59% 87% 47% TSS
69% 73% 51% 42% 30% TSS	to	TA	ratio
-47% -46% 44% -37% g-dodecalactone
31% -45% 54% -26% Propyl	butanoate
70% 31% Ethyl	butanoate
55% 50% S-methyl	thiobutanoate
90% 46% 78% 35% (E)-Hex-2-enyl	butanoate
45% -71% Propyl	hexanoate
36% 86% 27% Ethyl	hexanoic	acid
-79% -42% (Z)-linalool	oxide
31% g-decalactone
78% 74% 42% 50% 43% Isopropyl	butanoate
82% 30% -88% -37% 39% Methyl	butanoate
33% 42% Linalool
52% 62% -47% a-terpinolene
41% Ethyl	1-hexyl	acetate
-75% -50% -50% -50% TA
Hexanal
-29% (E)-Hex-2-en-1-ol
-65% 50% 26% (E)-Hex-2-enal
-83% -52% (E)-Hex-2-enyl	acetate
-53% 32% 2-methylbutyl	acetate
86% 34% 61% 66% 38% 46% Benzyl	acetate
-55% -81% (Z)-Hex-3-enyl	acetate
Nonanal
Hexan-1-ol
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The heat map shows black for highest positive significance and shades of red to represent the decreasing significance of the 
calculated Pearson’s correlation. Highest negative correlation indicated by blue and shades of purple represent the decreasing 
significance of the calculated Pearson’s correlation. Green shows no Pearson’s correlation.  
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10-004-168 08-029-80 10-057-27 10-004-165 07-048-190 06-050-202 Albion S.	Andreas Melba
45% 87% Octanol	acetate
26% 87% Octyl	isobutyrate
65% 29% 83% -39% N-octyl	2-methyl	butyrate
39% -32% -29% Butyl	butanoate
-49% 76% 50% -29% 33% -31% Hexyl	butanoate
-56% -36% -51% -28% Hexyl	hexanoate
41% 45% -39% -29% Hexyl	acetate
-59% 27% 61% 3-methylmethyl	butanoate
-55% -55% 29% 51% Ethyl	4-ethoxy	benzoate
82% 52% Methyl	hexanoate
-42% -93% -34% -32% -35% Propyl	3-acetyl	propanoate
-79% -93% 85% -27% Ethyl	hexanoate
-38% Hexanoic	acid
-54% -42% 66% -36% -69% 1-methylethyl	hexanoate
-51% 26% 87% 62% -44% 66% Methyl	octanoate
-42% 29% (E)-linalool	oxide
-77% -62% -70% 46% -34% -48% Mesifuranne
67% 82% 63% -27% (E)-Nerolidol
-41% -35% 29% 3-methylbutyl	acetate
-67% -90% -63% -55% -33% -34% -36% TSS
-26% -86% TSS	to	TA	ratio
82% 45% 81% -32% -26% g-dodecalactone
-33% -43% -41% -25% Propyl	butanoate
-90% 28% Ethyl	butanoate
-36% S-methyl	thiobutanoate
-72% -30% -41% -41% -30% (E)-Hex-2-enyl	butanoate
-54% Propyl	hexanoate
29% -72% 46% 51% -50% Ethyl	hexanoic	acid
51% 59% (Z)-linalool	oxide
g-decalactone
-82% -32% -86% -26% -29% Isopropyl	butanoate
-58% 71% 67% 27% 37% Methyl	butanoate
-47% 26% -79% 46% 48% Linalool
33% -24% a-terpinolene
52% Ethyl	1-hexyl	acetate
68% -32% -28% TA
-81% -31% 23% Hexanal
-27% (E)-Hex-2-en-1-ol
-82% -58% -33% -36% (E)-Hex-2-enal
-41% 30% -29% (E)-Hex-2-enyl	acetate
-29% -33% -39% 2-methylbutyl	acetate
-89% -42% -90% -55% -40% Benzyl	acetate
59% -53% -32% -35% (Z)-Hex-3-enyl	acetate
-70% -78% Nonanal
-31% Hexan-1-ol
Figure 3-15. Effect of rainfall on volatile compounds, TA, TSS and TSS/TA ratio (2014-2015) 
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Figure 3-16. Effect of soil moisture on volatile compounds, TA, TSS and TSS/TA ratio 
(2014-2015) 
The heat map shows black for highest positive significance and shades of red to represent the decreasing significance of the 
calculated Pearson’s correlation. Highest negative correlation indicated by blue and shades of purple represent the decreasing 
significance of the calculated Pearson’s correlation. Green shows no Pearson’s correlation.  
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10-004-168 08-029-80 10-057-27 10-004-165 07-048-190 06-050-202 Albion S.	Andreas Melba
-65% -66% Octanol	acetate
-72% Octyl	isobutyrate
-66% N-octyl	2-methyl	butyrate
-59% 50% -34% Butyl	butanoate
80% -74% Hexyl	butanoate
84% -62% 85% -35% Hexyl	hexanoate
-39% -70% -97% -55% -46% -32% Hexyl	acetate
88% 3-methylmethyl	butanoate
29% 43% Ethyl	4-ethoxy	benzoate
52% -35% -81% 59% -26% Methyl	hexanoate
48% Propyl	3-acetyl	propanoate
51% 50% 41% Ethyl	hexanoate
38% -71% Hexanoic	acid
59% -81% 33% 1-methylethyl	hexanoate
75% -63% 95% -30% -32% Methyl	octanoate
-91% (E)-linalool	oxide
39% -26% 56% Mesifuranne
38% -66% 43% -30% (E)-Nerolidol
-67% -55% 26% 3-methylbutyl	acetate
56% 65% 33% 39% TSS
58% 31% 60% 44% 47% 41% TSS	to	TA	ratio
-30% 48% g-dodecalactone
46% 28% 50% 43% Propyl	butanoate
-26% Ethyl	butanoate
33% S-methyl	thiobutanoate
68% -43% 92% 37% (E)-Hex-2-enyl	butanoate
69% 34% 34% 49% Propyl	hexanoate
75% 55% 26% Ethyl	hexanoic	acid
-68% -49% -49% (Z)-linalool	oxide
g-decalactone
37% -61% 38% 29% Isopropyl	butanoate
42% -43% -73% -45% Methyl	butanoate
-45% -33% Linalool
49% 97% 46% a-terpinolene
62% Ethyl	1-hexyl	acetate
-51% -63% -52% -38% -44% TA
-33% Hexanal
28% 34% (E)-Hex-2-en-1-ol
26% -50% (E)-Hex-2-enal
-39% -96% -41% (E)-Hex-2-enyl	acetate
2-methylbutyl	acetate
45% 43% -30% Benzyl	acetate
-36% 34% (Z)-Hex-3-enyl	acetate
84% Nonanal
46% Hexan-1-ol
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Figure 3-17. Effect of soil temperature on volatile compounds, TA, TSS and TSS/TA 
ratio (2014-2015) 
The heat map shows black for highest positive significance and shades of red to represent the decreasing significance of the 
calculated Pearson’s correlation. Highest negative correlation indicated by blue and shades of purple represent the decreasing 
significance of the calculated Pearson’s correlation. Green shows no Pearson’s correlation.  
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10-004-168 08-029-80 10-057-27 10-004-165 07-048-190 06-050-202 Albion S.	Andreas Melba
-56% -55% -37% 32% Octanol	acetate
-55% -66% Octyl	isobutyrate
-48% -48% -61% N-octyl	2-methyl	butyrate
-50% 60% -51% Butyl	butanoate
82% -43% 51% 26% Hexyl	butanoate
94% -31% 96% Hexyl	hexanoate
-40% -85% Hexyl	acetate
48% 3-methylmethyl	butanoate
32% 37% Ethyl	4-ethoxy	benzoate
35% -45% 66% 38% Methyl	hexanoate
50% 29% Propyl	3-acetyl	propanoate
50% 71% -59% Ethyl	hexanoate
39% Hexanoic	acid
54% -66% 42% 1-methylethyl	hexanoate
71% -37% 68% -43% Methyl	octanoate
-35% (E)-linalool	oxide
34% -40% Mesifuranne
35% -59% -43% -67% (E)-Nerolidol
60% 33% 3-methylbutyl	acetate
70% -38% -53% TSS
48% 55% 38% TSS	to	TA	ratio
-42% -53% -47% g-dodecalactone
49% 42% -40% Propyl	butanoate
-32% Ethyl	butanoate
S-methyl	thiobutanoate
83% 81% 58% (E)-Hex-2-enyl	butanoate
85% Propyl	hexanoate
45% 40% 83% 68% 41% Ethyl	hexanoic	acid
44% (Z)-linalool	oxide
32% g-decalactone
-32% 42% 26% Isopropyl	butanoate
-86% -42% 41% Methyl	butanoate
60% 40% 27% Linalool
66% 30% 77% -28% a-terpinolene
63% Ethyl	1-hexyl	acetate
-58% -45% -38% -49% TA
31% -51% Hexanal
33% 44% 41% 36% (E)-Hex-2-en-1-ol
34% 44% (E)-Hex-2-enal
52% -77% 31% (E)-Hex-2-enyl	acetate
2-methylbutyl	acetate
54% 55% Benzyl	acetate
35% -61% 49% (Z)-Hex-3-enyl	acetate
60% Nonanal
60% 30% 41% 26% Hexan-1-ol
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The heat map shows black for highest positive significance and shades of red to represent the decreasing significance of the 
calculated Pearson’s correlation. Highest negative correlation indicated by blue and shades of purple represent the decreasing 
significance of the calculated Pearson’s correlation. Green shows no Pearson’s correlation.  
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10-004-168 08-029-80 10-057-27 10-004-165 07-048-190 06-050-202 Albion S.	Andreas Melba
-35% 29% Octanol	acetate
-69% 29% Octyl	isobutyrate
50% 29% N-octyl	2-methyl	butyrate
46% -32% 23% Butyl	butanoate
-57% 89% -39% Hexyl	butanoate
-61% -30% Hexyl	hexanoate
78% 29% 39% Hexyl	acetate
-47% -57% 3-methylmethyl	butanoate
44% -74% -59% -31% -39% 25% Ethyl	4-ethoxy	benzoate
-67% -50% 33% Methyl	hexanoate
-44% -82% -48% -42% Propyl	3-acetyl	propanoate
-55% -94% 26% 25% -45% Ethyl	hexanoate
80% -34% -28% 50% 45% Hexanoic	acid
-62% 53% -60% 42% -55% 1-methylethyl	hexanoate
-43% 58% -37% Methyl	octanoate
30% (E)-linalool	oxide
-64% -42% -51% -53% -31% 42% -41% Mesifuranne
-40% 26% 69% 40% 42% (E)-Nerolidol
-29% -37% -37% 3-methylbutyl	acetate
-49% -53% -83% -69% -33% -41% -56% -35% TSS
-76% -41% -73% -72% -34% -32% -50% -31% TSS	to	TA	ratio
59% 37% 38% g-dodecalactone
33% 30% -44% -62% Propyl	butanoate
-77% 25% 32% Ethyl	butanoate
-50% S-methyl	thiobutanoate
-65% -46% -39% -73% -32% -25% (E)-Hex-2-enyl	butanoate
-41% 80% 34% -51% -32% -27% Propyl	hexanoate
-72% 37% -64% Ethyl	hexanoic	acid
84% 47% 38% -40% 41% -28% (Z)-linalool	oxide
-35% g-decalactone
-58% -92% -52% -48% -42% Isopropyl	butanoate
-59% 73% Methyl	butanoate
Linalool
-61% 31% 24% a-terpinolene
40% 29% 47% Ethyl	1-hexyl	acetate
85% 48% 69% 29% 34% TA
38% -62% -37% Hexanal
-39% -31% (E)-Hex-2-en-1-ol
79% -66% -35% -31% -34% (E)-Hex-2-enal
87% 36% -40% (E)-Hex-2-enyl	acetate
83% -62% -33% -34% -31% 2-methylbutyl	acetate
-51% -26% -80% -77% -50% -27% -50% -46% Benzyl	acetate
54% 79% 27% -27% 32% (Z)-Hex-3-enyl	acetate
39% Nonanal
-55% -36% -35% Hexan-1-olFigure 3-18. Effect of relative humidity on volatile compounds, TA, TSS and TSS/TA ratio 
(2014-2015) 
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Australian strawberries are grown in an open field (uncontrolled environment). Pearson’s 
correlation on each cultivar for the season’s environmental variability showed the overall 
effect of each environmental factor on each cultivar and advanced-breeding line. 
Hierarchical cluster analysis was performed using the season average of chemical 
composition of the entire data set for 2014-2015 to evaluate the relationship between the 
strawberry cultivars (Section 2.2.3). Another hierarchical cluster analysis was performed 
on the chemical compound composition of all the varieties. This indicates whether any 
compounds were clustered depending on their genetic composition or the environment 
influenced the level of chemical compounds. The clustering of the chemical compounds 
did not show any clear clustering, therefore it was determined that the level of chemical 
compounds partly depends on the environment and is not fully dependent on either 
environment or the genetic makeup. The cluster analysis contained two main sub-clusters. 
Table 3-3 shows the chemical compounds, their compound group and the odor description 
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Table 3-3. Chemical compounds hierarchical clustering based on the two main clusters 
and odour description 
Cluster Group Chemical compound Odour Descriptiona 
C
L
U
S
T
E
R
 I
 ESTERS 
Octanol acetate Orange blossom or jasmine 
Octyl isobutyrate Fruit 
N-octyl 2-methyl butyrate Mouthfeel 
Butyl butanoate  Floral 
Hexyl butanoate Apple Peel, Citrus, Fresh 
Hexyl hexanoate Apple Peel, Peach, Plum 
Hexyl acetate  
Apple, Banana, Grass, Herb, 
Pear 
3-methylmethyl butanoate Apple, Fruit, Pineapple 
Ethyl 4-ethoxy benzoate NA 
Methyl hexanoate Ester, Fresh, Fruit, Pineapple 
Propyl 3-acetyl propanoate  NA 
Ethyl hexanoate  
Apple Peel, Brandy, Fruit 
Gum, Overripe Fruit, 
Pineapple 
1-methylethyl hexanoate Fresh 
Methyl octanoate  Fruit, Orange, Wax, Wine 
ACID Hexanoic acid Cheese, Oil, Pungent, Sour 
FURAN Mesifurane 
Bread Crust, Butter, Caramel, 
Floral, Fruit 
TERPENOID (E)-linalool oxide NA 
C
L
U
S
T
E
R
 I
I 
ESTERS 
3-methylbutyl acetate Apple, Banana, Glue, Pear 
Propyl butanoate 
Apricot, Fruit, Pineapple, 
Solvent 
Ethyl butanoate 
Apple, Butter, Cheese, 
Pineapple, Strawberry 
S-methyl thiobutanoate 
Cabbage, Cheese, Garlic, 
Sulfur, tomato, Tropical fruit 
(E)-Hex-2-enyl butanoate Fruit 
Propyl hexanoate 
Berry, Fruit, Petrol, Pineapple, 
Roasted Garlic 
Isopropyl butanoate Fruit, Pungent 
Methyl butanoate 
Apple, Banana, Cheese, Ester, 
Floral 
Ethyl 1-hexyl acetate NA 
(E)-Hex-2-enyl acetate Green 
2-methylbutyl acetate Apple, Banana, Pear 
Benzyl acetate Fruit 
(Z)-Hex-3-enyl acetate NA 
TERPENOID 
(E)-Nerolidol Fir, Linoleum, Pine 
(Z)-linalool oxide NA 
Linalool 
Coriander, Floral, Lavender, 
Lemon, Rose 
 terpinolene Pine 
  115 
LACTONE 
dodecalactone Peach, Apricot 
decalactone Fat, Fruit, Lactone, Peach 
ACID Ethyl hexanoic acid NA 
ALCOHOL 
(E)-Hex-2-en-1-ol Blue Cheese, Vegetable 
Hexan-1-ol Banana, Flower, Grass, Herb 
ALDEHYDE 
Hexanal Apple, Fat, Fresh, Green, Oil 
(E)-Hex-2-enal  
Nonanal Fat, Floral, Green, Lemon 
a (NCBI, 2019) 
 
However, for 10-004-168, 08-029-80, 10-057-27, 10-004-165, 07-048-190 and 06-050-
202 advanced-breeding lines there were 25, 26, 25, 24, 19 and 20 quality attributes that 
were significantly correlated with at least three environmental factors, respectively. There 
were four quality attributes, namely benzyl acetate, isopropyl butanoate, mesifurane and 
TSS, common for all six advanced-breeding lines, suggesting that these compounds may 
be largely influenced by the environment regardless of the genotype. Furthermore, for 
commercial cultivars Albion, San Andreas and Melba, 21, 20, and 10 quality attributes 
were significantly correlated with at least two environmental factors. Of these, there were 
four compounds, namely 3-methylbutyl acetate, methyl octanoate, propyl butanoate and 
propyl hexanoate, common for three commercial cultivars suggesting that these 
compounds may be largely influenced by the environment regardless of the genotype. 
Furthermore, the rest of the compounds that were not significantly correlated with the 
environmental parameters for each advanced-breeding lines and commercial cultivars 
were mostly influenced by the genetic makeup of the variety. 
 
A study conducted on Australian grown Juliette and Albion cultivars showed that RH and 
rainfall were negatively correlated and PAR was positively correlated with isopropyl 
butanoate, isopropyl hexanoate, 4-pentenyl butanoate, Z-hex-3-enyl butanoate, hexyl 3-
methylbutanoate 3-methylbutyl hexanoate, heptan2-ol and mesifurane. In addition, SM 
was negatively correlated with isopropyl butanoate and 3-methylbutyl hexanoate 
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(Samykanno et al., 2013b). Furthermore, a trial study was conducted at three locations in 
three seasons in mid-Norway, ((Steinkjer (in 1999), Lensvik, Agdenes (in 2000), and at 
the Plant Biocentre, Trondheim (in 2001-2002)) to determine the irrigation management 
and rain covers (Rohloff et al., 2004). Strawberry varieties they used were not revealed. 
The TSS, pH, TA and volatile compounds were investigated for their production and 
environmental influence (Rohloff et al., 2004). Sugars and acids were slightly decreased 
under the rain cover, but did not show significant variation. Furthermore, esters were 
slightly reduced under the rain cover however esters and mesifurane were rich during 
warm summer (in 2002). An extensive study of the volatile compounds revealed that in 
2002, some of the aroma-impact compounds (hexanal, (E)-2-hexenal) were decreased 
(Rohloff et al., 2004). The effect of environmental parameters on each volatile compound, 
acids, sugars and sugar/acid ratio differ from cultivar to cultivar.  
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3.3.5. Effect of genotype, the environment and genotype x environment 
(GxE) interactions on strawberry volatiles, sugars and acids 
 
Quality attribute analysis from 2014-2015 samples revealed that sugars, acids and 
sugar/acid ratio were mostly controlled by genotype as indicated by the “F” statistics 
(Table 3-4, Section 3.3.6). As discussed in Section 3.2.3, the larger F statistics implies 
that the contribution towards total variance of GxE is larger. Since it was evident that 
sugars, acids and sugar/acid ratio were largely influenced by the genotype (Table 3-4), 
the next step was to identify which environmental variables measured in this experiment 
could be responsible for the effect caused by environmental portion (F statistics). A 
multiple linear regression was performed for further understanding of the environmental 
influence on strawberry quality attributes (Appendix 6.3).  During both years, a 
reasonable proportion was affected by the environment. Sugars, acids and sugar/acid ratio 
showed individual correlations with volatile compounds (Figures 3-13 to 3-18). The 
correlations above 50% at p0.05 were selected for the discussion.  
 
Sugars, acids or sugar/acid ratio of Melba was not significantly correlated with rainfall, 
RH and Tair indicating the environmental stability of this genotype under Australian 
conditions. However, the American cultivars, Albion and San Andreas, were negatively 
correlated with RH for sugar content and sugar/acid ratio. The Australian advanced-
breeding lines were significantly correlated (p0.05) with some of the environmental 
parameters (Appendix 6.3). These advanced-breeding lines were clustered together based 
on their chemical profiles with Albion and San Andreas (Section 2.3.3). Based on the 
multiple linear analysis performed (Appendix 6.3), there were no clear trends of the 
environmental parameter effect on sugar, acid or sugar/acid ratio between the varieties. 
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This may be explained due to high genotypic effect (F statistics) on sugar and acid 
development and the environment effect was minimal. These findings indicate that there 
is opportunity for breeders to produce varieties with better sugar and acid (discussed 
further in Section 3.3.6).  
 
A study conducted by Shaw (1988) found that genotypic variance for TSS was non-
significant, whereas for acids it was significant. He found that acid level expression was 
stable throughout the harvest period and that effect of harvest date was large and highly 
significant (p<0.01) for TA. However, Capocasa et al. (2008) demonstrated that the 
genotypic effect on the nutritional quality strawberries was stronger than the 
environmental effect. The analysis of variance for harvest date and genotype revealed the 
reason (discussed later in this section) for the variation of TSS, TA and TSS/TA ratio 
levels. As discussed in section 3.3.1, the trends of sugar, acids and sugar/acid ratio 
variation throughout the season. The current study suggests that both, acids and sugars 
are genotypic dependent, however, due to the given inconsistencies of the research, future 
studies should focus on the expression level of sugars and acids for a number of growing 
seasons.  
 
In addition to sugars and acids, some volatile compounds varied significantly among 
cultivars while others varied according to the harvest date. Among the three sources of 
phenotypic variation, namely genotype, the environment and GxE, genotype was the 
predominant cause of variation for few volatile compounds and mostly overshadowed the 
effect of environment and/or GxE.  
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Out of the 41 compounds detected in 2014-2015 season, 7 compounds were highly 
affected by the environment (Table 3-4, highlighted in yellow), 5 compounds (Table 3-4, 
highlighted in pink) were affected similarly by both genotype and environment and the 
rest of the 29 compounds were highly dependent on the genotype (Table 3-4, highlighted 
in green). Since there were higher numbers of cultivars involved in the 2014-2015 season, 
it was concluded that the outcome from that year was more statistically constructive than 
2013-2014 (Appendices 6-1 and 6-2). Methyl butanoate, ethyl butanoate, (E)-nerolidol, 
heptan-2-one, mesifurane, furaneol and -decalactone were some examples of volatile 
compounds for which the genotype was the predominant source of phenotypic variance 
(Du et al., 2011a; Fukuhara et al., 2005; Jetti et al., 2007; Larsen et al., 1992; Nuzzi et 
al., 2008; Schieberle and Hofmann, 1997; Siegmund et al., 2001; Ulrich et al., 1997). 
These previous studies supported current findings where these compounds were 
predominantly affected by the genotype (higher F statistics for genotype portion of the 
variance, Table 3-4).  
 
Furthermore, methyl 3-methylbutanoate, ethyl 3-methylbutanoate, (Z)-hex-3-enylacetate, 
hexanal, (Z)-hex-3-enal, (E)-hex-2-enal, (E,E)-hexa-2,4-dienal, nonanal, (E)-hex-2-en-1-
ol, hexan-1-ol, octan-1-ol,heptan-2-one, and -terpineol were found to be mainly 
influenced by genotype in a study that investigated the effects of growing locations and 
harvest dates on the volatile composition of the four blueberry cultivars (Du et al., 2011b). 
These authors also reported that both genotypes and harvest dates showed comparable 
influence on the content of butyl acetate whereas the influence of harvest date was 
reported to be slightly higher for the variations in hexyl acetate and heptan-2-ol. Variation 
in (Z)-linalool oxide was mainly influenced by genotype (Du et al., 2011b). Du et al. 
(2011b) also found that limonene and linalool were mainly influenced by the harvest date. 
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According to Samykanno et al. (2013b), genotype was the major determinant of the 
variation in butyl acetate, hexyl acetate and heptan-2-ol, content, while the effect of 
harvest date was the major source of variation for Z-linalool oxide. These findings imply 
that growers have a considerable amount of control over flavour development in 
strawberries with regard to growing practices. These results also suggest that there is a 
further opportunity for breeders to produce varieties with better flavour.  
3.3.6. Broad-sense heritability of strawberry volatiles, sugars and acids 
Broad-sense heritability reflects all the genetic contributions to the phenotypic variation 
of a population. Broad-sense heritability was calculated for all the varieties and advanced-
breeding lines collected in 2014-2015 season. The broad-sense heritability for sugar, acid 
and sugar/acid ratio specifically was 60%, 63% and 51%, respectively. These values 
(Table 3-4) suggest that acids and sugars were predominantly influenced by genotype and 
the sugar/acid ratio was influenced by both, the environment and genotype. Shaw et al. 
(1987) reported the broad-sense heritability for TA (78%) was higher than TSS (35%) by 
studying 28 bi-parental crosses. Furthermore, the narrow-sense heritability on the same 
crosses showed 48% for TA and 7% for TSS. The finding that broad-sense heritability 
was higher compared to narrow-sense heritability suggested the presence of dominant 
variance for sugars and acids. This was because the broad-sense heritability of sugar/acid 
ratio showed similar variances for genotype and environment. Between these three quality 
attributes, it is possible that sugars and acids may be the most inheritable traits.  
 
Furthermore, the broad-sense heritability for acid, sugar and sugar/acid ratio based on 
Australian-grown Albion and Juliette was 41.3%, 3.9% and 13.5% for TA, TSS and 
TSS/TA respectively (Samykanno et al., 2013b). According to Samykanno et al. (2013b), 
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only acid was genotypically influenced which is in contrast with the current study. Broad-
sense heritability of TA obtained by Samykanno et al. (2013b) and current study was 
lower than that obtained by Shaw et al. (1987). The reason for the inconsistencies may 
be due to the number of samples and harvest weeks analysed. Broad-sense heritability is 
more statistically accurate when the number of samples (n) are larger (Xu et al., 2009). 
The study by Samykanno et al. (2013b) only included 2 genotypes whereas Shaw et al. 
(1987) studied 28 bi-parental crosses. The current study involved nine genotypes that 
were sampled for over 12 weeks. 
 
The broad-sense heritability for the volatile compounds ranged from 23% to 99% (Table 
3-4). The highest broad-sense heritability was for linalool (99%) and the lowest for ethyl 
hexanoic acid (23%) (Table 3-4). Consumer preferred compounds in strawberries include 
-dodecalactone, ethyl hexanoate, (E)-Hex-2-enyl butanoate, TSS, 1-methylethyl 
hexanoate, mesifurane, methyl octanoate, ethyl butanoate, S-methyl thiobutanoate 
(discussed further in Chapter 4). These compounds had a broad-sense heritability of 83%, 
91%, 79%, 60%, 59%, 77%, 90%, 88% and 82%, respectively, indicating a 
predominantly genotypic effect compared with the environment. This finding is good 
news to breeders because there is opportunity for them to breed varieties with improved 
flavour. The consumer preference studies on the strawberry flavour (Chapter 4) provided 
more insight about the favorable compounds. In this case, the compounds that were 
identified as favorable, showed higher broad-sense heritability (Table 3-4) which could 
be bred into elite strawberry varieties of the future.  
as favorable, showed higher broad-sense heritability (Table 3-4) which could breed into 
strawberry varieties in the future.   
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Table 3-4. Effect of genotype and the environment on the strawberry volatiles identified 
in 2014-2015 cultivars 
Compound F value (significance) Broad 
sense 
heritability Environment Genotype G x E 
Methyl butanoate 53.0 261.4 21.1 83% 
Ethyl butanoate 12.4 91.1 25.4 88% 
3-methylmethyl butanoate 237.2 233.2 323.6 50% 
Isopropyl butanoate 333.9 157.7 121.7 32% 
3-methylbutyl acetate 52.3 644.4 34.7 92% 
2-methylbutyl acetate 143.1 385.9 66.8 73% 
S-methyl thiobutanoate 102.6 460.1 84.7 82% 
Propyl butanoate 271.9 314.8 68.5 54% 
Methyl hexanoate 126.2 1191.0 40.3 90% 
Butyl butanoate 132.8 614.4 83.9 82% 
Hexyl butanoate 27.7 136.7 21.7 83% 
Ethyl hexanoate 62.9 673.2 44.6 91% 
(Z)-Hex-3-enyl acetate 47.8 56.5 20.4 54% 
Hexyl acetate 290.1 1037.1 109.5 78% 
(E)-Hex-2-enyl acetate 261.9 1529.3 151.9 85% 
1-methylethyl hexanoate 911.0 1299.0 414.9 59% 
Propyl 3-acetyl propanoate 459.7 425.6 326.8 48% 
Propyl hexanoate 395.4 198.5 68.2 33% 
Methyl octanoate 29.3 262.2 18.8 90% 
Benzyl acetate 197.8 611.7 140.1 76% 
(E)-Hex-2-enyl butanoate 74.0 283.1 21.6 79% 
Octanol acetate 125.7 1544.7 75.6 92% 
Ethyl 1-hexyl acetate 107.4 175.5 55.4 62% 
Hexyl hexanoate 3.6 23.1 1.9 87% 
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Ethyl 4-ethoxy benzoate 25.0 18.3 14.8 42% 
Octyl isobutyrate 136.9 734.6 94.8 84% 
N-octyl 2-methyl butyrate 10.9 23.9 6.0 69% 
(E)-Nerolidol 30.6 304.1 12.3 91% 
(Z)-linalool oxide 81.4 767.1 85.5 90% 
(E)-linalool oxide 780.7 928.2 866.9 54% 
Linalool 22.4 2232.1 48.7 99% 
-terpinolene 10.5 123.9 10.6 92% 
-dodecalactone 54.7 269.4 14.9 83% 
-decalactone 69.2 930.0 56.9 93% 
(E)-Hex-2-enal 147.4 469.3 42.5 76% 
Hexanal 66.7 162.2 26.9 71% 
Nonanal 7.0 2.8 1.2* 28% 
Mesifurane 51.2 174.3 29.7 77% 
(E)-Hex-2-en-1-ol 132.9 176.2 35.1 57% 
Hexan-1-ol 112.9 304.9 67.1 73% 
Ethyl hexanoic acid 19.3 5.9 5.5 23% 
Hexanoic acid 34.8 59.3 17.7 63% 
TA 5103.0 8543.1 492.8 63% 
TSS 691.5 1056.8 154.8 60% 
TSS/TA ratio 2408.9 2466.1 190.2 51% 
All values are significant at 0.01≥p≥ 0  
*not significant 
  
  124 
3.3.7. Environmental stability of chemical compounds 
Plant breeders are in agreement that interactions between genotype and environment 
contributed importantly to the breeding of better cultivars (Allard and Bradshaw, 1964). 
Stability statistics can fall into four categories depending on their deviations from the 
average genotypic effects, environmental effects and/or on the genotype by environment 
effect (GxE). According to our best knowledge, to date there have been no studies on the 
stability of strawberry quality attributes. There are three concepts to be considered when 
discussing stability; (1) if its among environmental variance was small, (2) if its response 
to the environment is parallel to the mean response of all genotypes in the trial or (3) if 
the residual mean square from a regression model on the environmental index is small 
(Lin et al., 1986). A number of quality attributes present are influenced by the 
environment; thus it is important to breed for cultivars with low/no environmental 
influence. The two axis depict the environmental and genotypic effects on the quality 
attributes (Figure 3-19 and 3-20). The line that divided the graph indicate the genotypic 
and environmental influence (GxE). For instance, compounds that were closer to the 
genotypic axis and further away from the environmental axis were more stable for 
environmental changes.  
 
Consumer preferred quality parameters discussed in Chapter 4 were used for further 
discussion. (Figures 3-19 and 3-20). The full list of the compounds, sugars and acids are 
in Appendix 6-5 and 6-6. Section 3.3.5 explains the effect of environment and genotype 
on the volatile compounds of the cultivars and provides guidelines on compounds or 
quality parameters that can be improved by breedin
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Figure 3-19. Stability of chemical compounds using mean squares obtained for genotype and environment from analysis of variance (2014-2015). 
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Figure 3-20. Stability of chemical compounds using mean squares obtained for genotype and environment from analysis of variance (Melba, San 
Andreas and Albion sampled on 2013-2014 and 2014-2015).
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Figure 3-19 highlights the environmental stability of the compounds using the mean 
square obtained for environment and genotype using 2014-2015 analysis of variance 
results. These calculations were performed using all the advanced-breeding lines and 
commercial varieties (Section 3.2.3). The nine chemical compounds that were assessed 
include -dodecalactone, ethyl hexanoate, (E)-Hex-2-enyl butanoate, TSS, 1-methylethyl 
hexanoate, mesifurane, methyl octanoate, ethyl butanoate, and S-methyl thiobutanoate. 
Data in Figure 3-19 illustrated all the 9 compounds/quality attributes that were 
environmentally stable. Ethyl butanoate, mesifurane, methyl octanoate, -dodecalactone, 
(E)-Hex-2-enyl butanoate, S-methyl thiobutanoate and ethyl hexanoate were more 
environmentally stable compared to TSS and 1-methylethyl hexanoate. The same 
compounds were further assessed using the common cultivars that were sampled in both 
sampling years. Figure 3-20 shows the environmental stability calculated using data from 
both years. Only mesifurane, -dodecalactone, TSS and (E)-Hex-2-enyl butanoate were 
observed to be environmentally stable. Methyl octanoate, ethyl butanoate, 1-methylethyl 
hexanoate and ethyl hexanoate was more influenced by the environment. S-methyl 
thiobutanoate was not detected in 2013-2014 sampling year, therefore, was not included 
in the analysis.  
 
The results reveal that some of the compounds which were environmentally stable over  
2014-2015 season were not stable when cumulative data for both seasons was used. This 
is probably due to the fact that strawberries are grown in open-fields in Australia. 
Therefore, it is difficult to determine the environmental stability using one season worth 
of data. Even though the data was collected for over 15 weeks in one season, when the 
environmental effect was calculated using data from both years, the results changed. We 
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therefore propose including more sampling seasons and genotypes for better 
determination of the environmental stability in future studies. 
3.3.8. Environmental stability of genotypes 
Genotype-environment interactions (Section 3.3.5) exist when the phenotypic response is 
influenced by a change in the environment. The environmental change did not affect all 
genotypes in the same manner. A stable genotype has constant performance over 
environment thus few important quality attributes were selected to determine the 
environmental stability of the genotypes (Francis and Kannenberg, 1978). According to 
our best knowledge, there have been no studies on the stability of strawberry genotypes. 
Group 1 genotypes with high mean and low coefficient of variance were the most stable 
among all groups. Subsequent to this definition, group 1 was stable for each of the 
selected quality parameters. Although group 3 is consistent, this group is considered to 
be unstable as it performed at poor (low) levels depending on the environment. The 
cultivars and advanced-breeding lines which were stable for -dodecalactone included 
10-057-27 and 10-004-168 (Figure 3-21), for (E)-hex-2-enyl butanoate included 10-057-
27 and 08-029-80 (Figure 3-22), for mesifurane included 10-004-168, 10-057-27 and 08-
029-80 (Figure 3-23). Furthermore, San Andreas and Melba were stable for sugars 
(Figure 3-25), 10-004-165, 10-057-27 and 08-029-80 were stable for acids (Figure 3-24) 
and 06-050-202, 08-029-80 and 07-048-190 were stable for sugar/acid ratio (Figure 3-
26). 
The common cultivars from both years; Melba, San Andreas and Albion were analysed 
for their stability over two years (Appendix 6-7). Group 1, including the low variance and 
high levels of compounds, and group 3 including the low variance and low levels of 
compounds indicating the variety is stable for the environmental changes. Albion sample 
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in 2013-2014 and 2014-2015 were in group 1 and San Andreas from 2014-2015 and 
Melba from 2013-2014 were in group 3 for -dodecalactone. Mesifurane stability graph 
showed that Melba 2013-2014 and San Andreas 2014-2015 were in group 1 and Melba 
2014-2015 and San Andreas from 2013-2014 were in group 3. Acids were stable but low 
in concentration for Melba, Albion and San Andreas sampled in 2013-2014. Furthermore, 
Melba, San Andreas and Albion (from 2013/14) were stable for sugar/acid ratio. 
Nevertheless, none of the sampled cultivars showed environmental stability for (E)-hex-
2-enyl butanoate and sugars. The results presented above would be highly important for 
breeders wanting to incorporate certain flavour traits into a particular genotype. 
 
The broad-sense heritability of -dodecalactone, mesifurane, acids and sugars (Table 3-
4) were 83%, 77%, 63% and 51%, respectively. These results indicate that the 
environmental component of these quality attributes/chemical compounds plays a major 
role. As a result, the same varieties were not stable for the same chemical 
compound/quality attribute when compared in different seasons. In addition, the varieties 
that are stable for certain compounds/quality attributes may not necessarily be stable for 
other compounds. There have been several methods discussed on environmental stability 
of non-strawberry genotypes (Nassar and Huehn, 1987). Finlay and Wilkinson (1963) 
and Eberhart and Russell (1966) proposed a method for stability measurements was the 
regression of phenotypic values on an environmental index. For instance, a phenotype 
with a regression coefficient of 1 and with a minimum deviation from the regression 
coefficient was considered most stable. Stability studies provide important information 
regarding genotypes which can be used for breeding. Prominently, the Australian 
advanced-breeding lines possessed better stability over the selected quality parameters. 
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Figure 3-21 Mean -dodecalactone plot against CV from data collected on 9 genotypes 
for 15 weeks. 
 
Figure 3-22 Mean (E)-hex-2-enyl hexanoate plot against CV from data collected on 9 
genotypes for 15 weeks. 
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Figure 3-23 Mean mesifurane plot against CV from data collected on 9 genotypes for 15 
weeks. 
 
Figure 3-24 Mean acid content plot against CV from data collected on 9 genotypes for 15 
weeks. 
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Figure 3-25 Mean sugars content plot against CV from data collected on 9 genotypes for 
15 weeks. 
 
Figure 3-26 Mean sugars/acids ratio plot against CV from data collected on 9 genotypes 
for 15 weeks. 
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3.4. Conclusions 
In conclusion, this chapter discussed how the strawberry flavour is affected by genotype 
and environmental conditions and the environmental stability of the important flavour 
compounds. Quality attributes varied between genotype, environmental conditions and 
GxE interaction. It was difficult to isolate a specific environmental factor that affected 
the quality attribute because the strawberries were grown in an open-field environment. 
However, identification of genetic effect and the broad-sense heritability was more 
important than the effects of the environment. To determine the genotypes that performed 
well in the Australian environmental conditions is important for the Australian breeding 
program. It was important to understand the behavior of the Australian cultivars, 
American cultivars and Australian advanced-breeding lines. The current study included 
the highest number of genotypes studied in Australia and the 2014-2015 season study 
included 39 important strawberry flavour compounds with high broad-sense heritability.  
 
The genetic and environment interaction (GxE) largely affect titratable acidity. Albion 
and San Andreas, 10-004-168 and 08-029-80, 10-057-27 and 10-004-165, 07-048-190 
and 06-050-202 pairs showed similar patterns of TA fluctuation throughout the 2014-
2015 sampling season. As discussed in Chapter 2 (Section 2.3.3), these 
varieties/advanced-breeding lines paired together indicating their close genetic 
relationship.  
 
Day neutral advanced-breeding lines contained high levels of sugars compared to day 
neutral commercial cultivars, indicating the breeding program is on track to breed sweeter 
strawberries. Furthermore, high levels of sugars were present in short day commercial 
cultivars and advanced breeding lines. Acids and sugars followed the same genotype 
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paring discussed in previous paragraph. Variance caused by environment and GxE 
interaction is larger for acidity compared to sugars. This is an advantage for the breeders 
as they can control the sugar content in breeding materials.  
 
-dodecalactone, (E)-hex-2-enyl butanoate and mesifurane are discussed in this chapter 
as they were found in both seasons, and also identified in Chapter 4 as consumer desirable 
compounds. In general, -dodecalactone followed similar trends for all the 
varieties/advanced-breeding lines and did not show significant variations (p=0.05) 
throughout the sampling periods. (E)-hex-2-enyl butanoate and mesifurane fluctuate 
throughout sampling period indicating higher environmental impact on production of 
these compounds. The compounds with higher broad-sense heritability mean that genetic 
influence is higher than the environment effect. Therefore, targeted breeding for these 
compounds can achieve good flavour strawberries.  
 
Further analysis of environmental stability included analysis of sugars, acids, linalool, 
octanol acetate, (E)-hex-2-enyl acetate, methyl hexanoate, hexyl acetate, -decalactone, 
octyl isobutyrate, benzyl acetate, butyl butanoate, -dodecalactone, (E)-hex-2-enyl 
butanoate, mesifurane and propyl butanoate (Figure 3-19 and 3-20). In addition, the 
genotype stability studies conducted on the common cultivars (Melba, San Andreas and 
Albion) from both years showed that Albion (from 2013/14 and 2014/15) was stable for 
-dodecalactone; San Andreas (from 2014/15) and Melba (from 2013/14) were stable for 
mesifurane; Melba, San Andreas and Albion (from 2013/14) were stable for sugar/acid 
ratio. The genotype stability of certain chemical compounds included in the Australian 
breeding lines indicates that the breeding program is on the correct path of breeding 
cultivars that would be stable in Australian weather conditions.  
  135 
 
 
  136 
4 
4. Identifying the Flavour Compounds 
Determining Consumer Preference in 
Australian-Grown Strawberries 
 
4.1. Introduction 
The hedonic and perceptual response to the synthesis of sensory signals of odour, tactile 
and taste sensation is described as flavour (Prescott et al., 2004). Sensory perception of 
strawberries includes multiple factors such as sugars, acids, volatile compounds, 
pigments, turgor and structure which elicit the sense of taste, vision, tactile, sensation and 
olfaction, respectively (Christensen, 1983; Saliba-Colombani et al., 2001; Stommel et al., 
2005). Sugars, acids and volatile compounds are primary sensory metabolites. 
Identification of consumer preference is important however, for breeding purposes it is 
critical to understand the chemical composition of consumer desirable strawberry. To 
date, there have been no studies corelating consumer preference studies with chemical 
profile analysis of Australian-grown strawberries. However, there have been some studies 
conducted overseas with a similar aim.  
 
Pelayo-Zaldivar et al. (2005) evaluated the quality attributes, flavour components, 
fermentative metabolism and physiological characteristics of Aromas, Diamante and 
Selva cultivars that were harvested early and mid-season. At each harvest season, over 
one hundred fruits were randomly selected and tested for consumer preference and 
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chemical composition. Another study at the University of Florida (UoF) analysed sensory 
and chemical profiling of five selections from the UoF breeding program, Festivar and 
two Australian cultivars grown in Florida, USA (Jouquand et al., 2008). Similarly, 
Schwieterman et al. (2014) analysed 35 strawberry cultivars sampled across two seasons 
for their sensory and chemical profiles to compare the seasonal effect on the consumer 
preference. Limited research on the link between strawberry flavour compounds and 
consumer preference has been one of the main focus of the Australian strawberry 
industry. 
 
In association with the current study, a concurrent PhD research project was conducted 
by Ms Penelope Oliver at Deakin University where sensory attributes associated with 
consumer preference were analysed (Oliver, 2016; Oliver et al., 2018). The Australian 
breeding lines EL 1, EL 2, EL 3, EL 4, EL 5, EL 6, and commercial cultivars Albion, San 
Andreas and Melba were analysed for the attributes driving consumer acceptability 
(Oliver et al., 2018). One hundred and fifty untrained strawberry consumers assessed their 
liking of fruits from these strawberry cultivars on two separate occasions (December 2014 
and February 2015). According to Oliver et al. (2018), overall, sweet, caramel, berry, 
fruity and floral attributes contribute the most to the liking of strawberry. Breeding lines 
EL 6 and EL 2 were identified as “most-liked” whilst commercial cultivar Melba was the 
least liked. Discriminant function analysis between EL 6 and Melba (“Most-Liked” and 
“Least-Liked”) using Fisher’s ratio, PCA and DFA allowed identification of the 
strawberry flavour compounds that determine consumer preference. 
 
Fisher’s ratio was used for preliminary screening of all the strawberry chemical 
compounds. Fisher’s ratio uses the discriminating power (using mean and variance 
between “Most-Liked” and “Least-Liked”) of each of the compounds. Principal 
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Component Analysis (PCA) is a method of data reduction that reduces the correlating 
variable to a few principal components. PCA provides component scores (variables added 
to the data set) that determine the dimensionality of the data set. PCA provides first 
principal component, second principal component and so on. Due to the way principal 
components are selected, the first component is usually the largest and subsequent 
components smaller until the last is equal to zero. A PCA score plot showing the 
proportion of variance explained by the first two components was obtained to identify the 
features that accounted for most of the variability across the individual strawberry 
genotypes. PCA allows to group depending on the consumer liking. Discriminant 
Function Analysis (DFA) is a more powerful method which allows identification of the 
chemical compounds that discriminate between the “most-liked” and “least-liked” 
thereby facilitating the determination of liking for future strawberry breeding lines. 
 
The current study is novel as there has been no analysis of consumer liking combined 
with chemical profiling of Australian-grown strawberries. The Australian strawberry 
breeding program, especially the Victorian breeding program is focused on developing 
cultivars with consumer desired flavour profiles (O’Connor, 2009). This chapter 
discusses the “most-liked” and “least-liked” strawberries based on consumer preference 
study conducted during the 2014-2015 season and identifies discriminating quality 
attributes between them.  
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4.2. Materials and Methods 
4.2.1. Strawberry samples 
The strawberry samples used for this experimental chapter were the same as those used 
in Chapter 2, Section 2.2.1. In brief; the genotypes used were Melba, San Andreas, Albion 
cultivars and 10-004-165, 10-004-168, 06-050-202, 08-029-80, 07-048-190 and 10-057-
27. They were sampled for 15 non-consecutive weeks during the season of November 
2014 to March 2015. 
 
4.2.2. Untrained Consumer Liking studies 
Samples were collected and transported to Deakin University, Burwood, Victoria, 
Australia. Samples were selected for their ripeness as described in chapter 2, section 2.2.1 
. Consumer liking was conducted by Ms. Penelope Oliver from Deakin University, 
Burwood campus as a part of her PhD research (Oliver et al., 2018).  
 
Untrained consumers were recruited from Deakin University and La Trobe University 
Community Market during 2014-2015 season over three time points (December 2014, 
February 2015 and March 2015). Consent was obtained from all consumers prior to the 
commencement of testing. Consumers were invited to participate if they were over the 
age of 18 and were strawberry consumers. Approximately 250 participants commenced 
with the study (Oliver, 2016). The consumer preference study was approved by the 
Human Ethics Advisory Group, Faculty of Health, Deakin University, Australia (HEAG-
H 105_2012).  
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Participants were requested to refrain from eating or drinking, aside from water two hours 
prior to the testing time. Furthermore, they were asked not to wear any cosmetics with 
fragrance or to be exposed to areas that were associated with strong aromas on the day of 
testing. Consumer preference was analysed using a hedonic general labelled magnitude 
scale (HgLMS). This scale allows product evaluation in the context of all hedonic 
experiences. This eliminates any ceiling effect that may be observed with the more 
common 9-point hedonic scale. This allows similar products to be more accurately 
discriminate due to the increased end points of the scale when compared to the more 
traditional 9-point hedonic scale (Moskowitz and Sidel, 1971). The best and least-liked 
genotypes were employed in subsequent analyses to determine the compounds and 
quality parameters that are responsible for consumer liking (Oliver et al., 2018).  
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4.2.3. Statistical analysis  
4.2.3.1. Fisher’s ratio 
Fisher’s ratio was employed to measure the linear discriminating power of the volatile 
compounds and quality parameters between ‘most-liked’ and ‘least-liked’ cultivars. It is 
defined as the magnitude of the mean differences in quality attributes (season average of 
volatile compounds and quality attributes) between two extremes as a proportion of the 
sum of the variances measured in the ‘most-liked’ and ‘least liked’ (Lohninger, 1999): 
 
𝐹𝑖𝑠ℎ𝑒𝑟′𝑠 𝑟𝑎𝑡𝑖𝑜 =  
(𝑀1 − 𝑀2)2
(𝑉1 + 𝑉2)
 
 
where; 
M1 = Mean of each compound and quality parameter of the “most-liked” strawberry 
cultivar 
M2 = Mean of each compound and quality parameter of the “least-liked” strawberry 
cultivar 
V1 = Variance of each compound and quality parameter of the “most-liked” strawberry 
cultivar 
V2 = Variance of each compound and quality parameter of the “least-liked” strawberry 
cultivar 
4.2.3.2. PCA and DFA 
A PCA plot was generated based on Melba and 10-057-27 quality parameters to 
determine the clustering pattern. However, to reduce the background noise, only the 
highly-ranked 20 Fisher’s ratio quality parameters were analysed. Compounds and 
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quality parameters were arranged by descending value of Fisher’ ratio. The top 20 
compounds and quality parameters were subsequently employed in PCA and DFA 
analysis. The 20 most highly-ranked quality attributes identified by Fisher’s ratio were 
subjected to a PCA analysis to identify the features that reveal the maximum variability 
between the ‘most-liked’ genotype 10-057-27 and the ‘least-liked’ Melba. (IBM SPSS 
Statistics v. 23). The chemical composition data were transposed and generated another 
PCA plot to determine whether the genotypes cluster separately depending on their 
chemical composition. This was performed as a quality control measure.  
 
Discriminant Function Analysis (DFA) was performed for the 20 most highly-ranked 
compounds from Fisher’s analysis to identify a set of variables (i.e. the compounds) that 
best discriminated between the two groups (i.e. the ‘most-liked’ 10-057-27 and ‘least-
liked’ Melba according to consumer preference). DFA was then employed to predict 
whether the selected set of quality attributes (also known as predictors) could be used to 
classify new cases (i.e. a new chemical data set) into either the ‘most-liked’ and ‘least-
liked’ strawberries.  
 
The 20 most highly-ranked compounds from the Fisher’s analysis were subjected to DFA 
using the stepwise method in Discriminant Analysis (IBM SPSS Statistics v. 23) to select 
the compounds that best differentiated between ‘most-liked’ and ‘least-liked’. The 
grouping variables were (1) the ‘most-liked’ 10-057-27; and (2) the ‘least-liked’ Melba. 
The independent variables were the highly-ranked 20 chemical compounds from the 
Fisher’s ratio. The first half of the data set of a given group was assigned as a training set 
(1) to predict the membership of the other half (the new cases), which was the test set (2). 
Similarly, a reciprocal analysis was performed using the second half of the data set as the 
training set and the first half of the data set as the test set.  
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The best subset of variables/features were selected from the training set using Wilks’ 
lambda method and the selection criteria using F probability values was set to default 
(Entry = 0.05, Removal = 0.10). Subsequently, the 20 selected compounds were 
employed to construct and validate a discriminant function for each group using Fisher’s 
classification function coefficients (Statistics Function Coefficients Fisher’s). The 
efficiency of the discriminant functions in predicting group membership for any given 
case in the training set can be determined based on the prior probabilities of the case 
(Classify Prior probabilities All groups equal). The group assigned to each case by 
the discriminant functions were obtained by selecting the ‘Predicted group membership’ 
box in the ‘Save’ tab. To predict the group membership for new cases (test set) using the 
discriminant function generated from the training set, value ‘1’ was entered into the 
‘Selection Variable’ box. The results were presented as casewise statistics and the 
percentage of the original and new cases that were correctly classified (Display 
Casewise results Summary table). Another parameter considered was the means of 
the independent variables for each group (Statistics Descriptives Means). 
 
Several outputs were generated including (1) group statistics (mean and standard 
deviation for each independent variable for both groups); (2) stepwise statistics; (3) 
summary of canonical discriminant functions and (4) classification statistics. Data 
interpretation was focused on outputs 2, 3 and 4. The selected chemical compounds were 
shown in stepwise statistics, where the features were entered or removed based on F 
probability values. Based on the coefficient values for each selected feature, a set of linear 
combination of features (also known as the discriminant function) that best separated the 
extreme groups were generated. The total variance explained by the selected compounds 
is shown in the summary of canonical discriminant functions whereas the significance of 
the discriminant function generated is indicated by Wilk’s lamda. Classification statistics 
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showed the predicted group membership calculated based on the classification function 
coefficients. Both original and new cases were assigned to the group with the highest 
value. The proportion of correct classification was determined from the number of 
misclassified cases.  
 
DFA analysis with the stepwise method was further used to reduce the number of 
chemical compounds selected based on the chemical compounds data (including 
technical and biological replicates) of the selected compounds without assigning them 
into a training or a test set. The same parameters were used for a second analysis except 
that the full dataset was used to calculate the discriminant function. Classification of cases 
was performed by selecting the ‘leave-one-out’ option under the ‘Classify’ tab. Each case 
was cross-validated using the discriminant function calculated from all cases except the 
one being classified. The probability of misclassification was calculated from these 
results. The predicted group memberships for both, original and cross-validated group 
cases were reported as the percentage of correct classification. Based on the accuracy of 
the predicted group membership, a set of features were determined as the compounds that 
could best predict whether a strawberry was “most-liked” or not.  
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4.3. Results and Discussion 
4.3.1. Identification of important chemical compounds and quality 
parameters using chemical and sensory analysis.  
 
Aroma profiling and consumer preference were analysed for the advanced-breeding lines 
and commercial cultivars collected from the 2014-2015 season. Results indicated that 
Melba and 10-057-27 were the ‘least’ and ‘most-liked’ for consumer preference, 
respectively. Melba possessed a hedonic rating of -8.0 and 10-057-27 possessed a hedonic 
rating of 36.4 on a HgLMS scale from -100 to 100 (Oliver et al., 2018). 
 
Fisher’s ratio was firstly used to evaluate the linear discriminatory power of the consumer 
preference information (Bucci et al., 2002; Lohninger, 1999). In general, a larger Fisher’s 
ratio value indicates greater difference between the means of the two extremes (‘Most 
and least-liked’ genotypes). Thus, the quality parameters which showed high levels in 
‘most-liked’ but low levels in ‘least-liked’, or vice versa, would produce larger Fisher’s 
ratio values. As a result, the quality attributes with higher Fisher’s ratio could most 
probably be the best in discriminating between the two extremes. Furthermore, larger 
difference between the two variances would produce lower Fisher’s ratio or vice versa.  
Also, high variance, indicate higher environmental effect (discussed in Chapter 3). 
 
The compounds were subsequently arranged in decreasing order of Fisher’s ratio and only 
the top 20 compounds were selected for further discussion (Table 4-1). The full list of 
compounds can be found in Appendix 6-8. It was observed that the highest-ranking 
quality parameters included esters, lactones, aldehydes, sugars and acids. These volatile 
groups contributed to the sweet and fruity, sweet and peach, green and fresh notes, and 
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sweetness and tartness, respectively (Douillard and Guichard, 1990; Forney et al., 2000; 
Fukuhara et al., 2005; Pyysalo et al., 1979; Schreier, 1980). Table 3-3 explained the odour 
description of each of these volatile compounds and this chapter will further go into 
details of identifying the compounds responsible for consumer preference. According to 
(Oliver et al., 2018), sweet, caramel, berry, fruity and floral descriptions contributed to 
the consumer liking of 10-057-27 and 10-004-168 (Appendix 6-9). However, Fisher’s 
ratio involved only single variable discrimination between the two groups based on a 
simple mathematical equation (Section 4.2.3) (Lohninger, 1999). Thus, the appearance of 
the aldehydes, the compounds ranked within the top 20 Fisher’s ratio, may be due to 
higher levels of non-desirable compounds in Melba compared to 10-057-27. In order to 
confirm the differences of group variance and means among Melba and 10-057-27, a PCA 
and DFA were performed as second and third measurements.  
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Table 4-1. List of top 20 compounds ranked in decreasing order of Fisher's ratios 
calculated with their individual mean and variance. 
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1 -dodecalactone 9.33 3.85 0.83 0.82 83% 15.48 
2 Linalool 3.41 0.72 35.01 109.36 99% 9.07 
3 Ethyl hexanoate 4.70 2.06 0.70 0.65 91% 5.91 
4 (E)-Hex-2-enyl butanoate 1.63 0.37 0.19 0.08 79% 4.66 
5 TSS 11.25 2.93 7.77 0.74 60% 3.30 
6 (E)-Nerolidol 33.72 145.18 8.00 87.76 91% 2.84 
7 1-methylethyl hexanoate 0.13 0.01 0.00 0.00 59% 2.07 
8 (E)-Hex-2-enal 4.62 5.83 14.00 38.06 76% 2.01 
9 (E)-Hex-2-enyl acetate 3.12 2.92 7.64 9.43 85% 1.65 
10 Mesifurane 3.75 4.11 0.83 1.55 77% 1.51 
11 TSS/TA ratio 11.86 20.14 6.13 3.63 51% 1.38 
12 (Z)-Hex-3-enyl acetate   0.09 0.03 0.64 0.21 54% 1.25 
13 (E)-linalool oxide 0.14 0.02 0.00 0.00 54% 1.11 
14 -terpinolene 0.21 0.02 0.90 0.42 92% 1.09 
15 Ethyl 1-hexyl acetate 0.00 0.00 0.12 0.01 62% 1.07 
16 Methyl octanoate 0.12 0.01 0.02 0.00 90% 1.04 
17 Ethyl butanoate 3.96 4.40 1.00 4.10 88% 1.03 
18 TA 1.01 0.04 1.34 0.08 63% 0.93 
19 2-methylbutyl acetate 0.07 0.01 0.75 0.50 73% 0.90 
20 S-methyl thiobutanoate 0.16 0.03 0.00 0.00 82% 0.87 
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The PCA based on the quality parameters highlighted that a high percentage of variation 
(91%) could be explained by the first two components (Figure 4-1). Furthermore, the first 
component (x-axis) explained most of the variation (70%) followed by the second 
component (y-axis) which accounted for 21%. The quality parameters of each genotype 
clustered into two distinguishing clusters except those for Melba from 4th March 2015 
(Week 14 sample) (Appendix 6-10). Based on the chemical profile of Melba sampled in 
week 14, it clustered close to ‘most-liked’ 10-057-27. 
 
The PCA plot for 10-057-27 versus Melba quality attributes showed two distinguishing 
clusters of quality parameters. However, the total variance explained by the first and 
second components was only 45% (Appendix 6-7). A PCA generated using 20 Fisher’s 
ratio highly-ranked quality parameters explained a total variance of 62% (Figure 4-2).  
 
The PCA plot showed two notable clusters which indicated desirable and undesirable 
compounds. The desirable compounds were present at in more quantity in 10-057-27 than 
Melba. The genotypes clustered into two distinguishing clusters with total variation 
explained in 91%. Similar observations were seen in week 14 Melba which was separately 
clustered from rest of the Melba (Figure 4-1). An independent sample t-test between 
Melba and week 14 Melba revealed that 2-methylbutyl acetate, (E)-Hex-2-enyl acetate, 
mesifurane, linalool, -terpinolene, ethyl-1-hexyl acetate, TA, TSS and TSS/TA ratio 
means were significantly different (Appendix 6-12). Significant difference of these 
compounds may have caused the week 14 Melba to cluster separately. Moreover, the 
desirable compounds were S-methyl thiobutyrate, ethyl butanoate, ethyl hexanoate, (E)-
hex-2-enyl butanoate, methyl octanoate, 1-methylethyl hexanoate, mesifurane, (E)-
linalool oxide, (E)-nerolidol, -dodecalactone, sugars and sugar/acid ratio. Table 3-3 
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highlights the flavour description of these compounds. Different concentrations and 
combinations of these compounds may be responsible for the liking or disliking among 
consumers. For instance, Oliver et al. (2018) using the same genotypes observed 3 
clusters of consumers displaying their own preferences. When considering the entire 
population analysed, sweet, caramel, berry, fruity and floral were the most contributing 
to the consumer liking. Sour, citrus, green, astringent, firm and gritty attributes were 
found to be associated with decreased liking. 
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Figure 4-1 Two-dimensional plot of the principal component analysis (PCA) of Melba 
and 10-057-27 based on the 20 Fisher’s ratio highly-ranked chemical compounds. Each 
red point indicates Melba data whereas green indicates 10-057-27 data. 
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Figure 4-2 Two-dimensional plot of the principal component analysis (PCA) of chemical 
compounds based on the consumer preference of “most-liked” and “least-liked” 
genotypes. Each red point indicates the desirable compounds whereas green point 
indicates undesirable compounds. 
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DFA was used as the third measurement to evaluate the desirable quality attributes using 
the Fisher’s ratio highly-ranked 20 quality parameters. Table 4-2 shows the equation 
generated from DFA and this contains both, the desirable and undesirable flavours.  
Table 4-2. Discriminatory chemical compounds and quality parameters based on “most-
liked” and “least-liked” strawberries. Wilks’ lambda was statistically significant for the 
discriminant function generated (𝜒11
2 265.5 p< 0.001). 
    
  
 Grouping    
 “Most-liked” “Least-liked” Significance F 
(Constant) -1322.02 -110.83   
S-methyl thiobutyrate 769.04 121.86 0.000 38.507 
Ethyl hexanoate 131.95 5.185 0.000 157.595 
(Z)-hex-3-enyl acetate -166.25 -35.86 0.000 16.063 
1-methylethyl hexanoate 3228.86 703.34 0.000 91.144 
Mesifuranne 51.42 12.11 0.000 38.099 
Methyl octanoate -2238.32 -578.15 0.000 21.180 
(E)-hex-2-enyl butanoate 159.89 45.25 0.000 137.762 
Ethyl-1-hexyl acetate -407.18 -23.43 0.000 12.669 
-dodecalactone 66.38 9.68 0.000 462.031 
Ethyl butanoate -55.08 -3.31 0.000 19.646 
TSS 79.87 29.47 0.000 94.031 
    
  
 
Table 4-3. Classification results based on the training data set and the predicted 
membership group.  
Classification Results 
   Grouping 
Predicted Group 
Membership Total 
     1 2  
Original Count 1 12 0 12 
  2 0 42 42 
 % 1 100 0 100 
  2 0 100 100 
100.0% of original grouped cases correctly classified. 
 
Wilks’ lambda was statistically significant for the discriminant function generated for 
consumer liking using 10-057-27 and Melba (𝜒11
2 265.5 p< 0.001). The classification 
results were based on the discriminant functions showing that 100% of all the original 
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cases in the training set were correctly classified. Furthermore, the new cases (whole data 
set of 10-057-27 and Melba) were correctly classified with 100% accuracy for consumer 
preference.  
 
Consequently, a three-way Venn-diagram was generated using the three statistical 
analyses to select a final set of quality parameters (Figure 4-3). Nine compounds were 
identified in the intersection of Fisher’s ratio (top 20 compounds), PCA (analysed using 
Fisher’s ratio top 20 compounds) and DFA (analysed using Fisher’s ratio top 20 
compounds). The common compounds were -dodecalactone, ethyl hexanoate, (E)-Hex-
2-enyl butanoate, TSS, 1-methylethyl hexanoate, mesifurane, methyl octanoate, ethyl 
butanoate, S-methyl thiobutanoate. A thorough literature search did not find any prior 
reported instances of consumer desirable compounds in Australian-grown strawberries. 
Some research studies were previously conducted overseas but they did not isolate 
individual compounds as in the present study.  
 
A sensory and chemical profiling study conducted by Jouquand et al. (2008)  included 
five selections (FL 95-269, FL 99-164, FL 99-117, FL 00-51, FL 01-116), one cultivar 
(Festival) from University of Florida and two Australian cultivars (Rubygem and 
Sugarbaby). The authors reported that Festival had a lower flavour rating and FL 00-51 
and Rubygem had higher ratings. The aroma profiles of these genotypes indicated there 
was a significant difference between certain chemical compounds of Festival and FL 00-
51. For instance, lactones were higher in FL 00-51 compared to Festival and also FL 00-
51 was higher in octyl and butyl esters compared to Festival. Furthermore, the sugar and 
acid content of the genotypes explained the sweetness preference of the strawberries. The 
panelist results concluded that the balance between sugars and esters was important for 
the acceptability. Furthermore, the production of the aldehydes could be post-preparation 
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of the samples due to enzymatic activities on unsaturated fatty acids (Jouquand et al., 
2008; Sanz et al., 1996). A recent sensory study agreed with these findings, where sweet, 
caramel, berry, fruity and floral were the most liked flavour profile of strawberries (Oliver 
et al., 2018). Table 4-4 describe the odor related to each isolated chemical compound. 
Sensory and chemical studies suggest that further analyses are required to understand 
concentration combinations of each of these compounds which produces the consumer 
preferred strawberries. 
 
 
Figure 4-3. A three-way Venn diagram showing the desirable flavour compounds in the 
intersection of DFA (green), Fisher’s ratio (top 20 features; purple) and PCA (pink) for 
all the key volatile compounds tested.  
 
Table 4-4. Odor description of the compounds isolated from Fisher’s ratio, PCA and 
DFA. 
Chemical compound Odour Description 
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Ethyl hexanoate  Apple Peel, Brandy, Fruit Gum, Overripe Fruit, Pineapple 
1-methylethyl hexanoate Fresh 
Methyl octanoate  Fruit, Orange, Wax, Wine 
Mesifurane Bread Crust, Butter, Caramel, Floral, Fruit 
Ethyl butanoate Apple, Butter, Cheese, Pineapple, Strawberry 
S-methyl thiobutanoate Cabbage, Cheese, Garlic, Sulfur, tomato, Tropical fruit 
(E)-Hex-2-enyl butanoate Fruit 
dodecalactone Peach, Apricot 
TSS Sweet 
a (NCBI, 2019) 
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4.4. Conclusion 
Strawberry advanced-breeding line 10-057-27 and cultivar Melba were ranked ‘most-
liked’ and ‘least-liked’ based on untrained consumer preference studies conducted during 
2014-2015 on Australian-grown strawberries. As a result, these two strawberry genotypes 
were used to determine the chemical composition of the ‘most-liked’ strawberry; 10-057-
27. The analysis was performed to isolate the discriminating quality attributes between 
10-057-27 and Melba.  
 
Firstly, compounds were arranged in decreasing order of the Fisher’s ratio and the top 20 
compounds were selected. Compounds selected from the Fisher’s ratio were -
dodecalactone, linalool, ethyl hexanoate, (E)-Hex-2-enyl butanoate, TSS, (E)-Nerolidol, 
1-methylethyl hexanoate, (E)-Hex-2-enal, (E)-Hex-2-enyl acetate, mesifurane, TSS/TA 
ratio, (Z)-Hex-3-enyl acetate, (E)-linalool oxide, -terpinolene, Ethyl 1-hexyl acetate, 
Methyl octanoate, Ethyl butanoate, TA, 2-methylbutyl acetate and S-methyl 
thiobutanoate. Highest ranking volatile compounds and other compounds included esters, 
lactones, aldehydes, sugars and acids. These volatile groups contributed to the sweet and 
fruity, sweet and peach, green and fresh notes, sweetness and tartness, respectively 
 
Secondly, PCA was performed using the same 45 quality attributes to determine the 
variation across Melba and 10-057-27. Chemical compounds selected from the Fisher’s 
ratio were used for the PCA analysis. This approach reduced the background noise and 
provided a better representation of the favorable compounds. The PCA plot showed two 
notable clusters which indicated desirable and undesirable compounds. The desirable 
compounds were present at  higher levels in 10-057-27 than in Melba. The desirable 
compounds were S-methyl thiobutyrate, thyl butanoate, ethyl hexanoate, (E)-hex-2-enyl 
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butanoate, methyl octanoate, 1-methyl ethyl hexanoate, mesifurane, (E)-linalool oxide, 
(E)-nerolidol, -dodecalactone, sugars and sugar/acid ratio.  
 
Thirdly, DFA was used as a third measurement to evaluate the desirable quality 
parameters using the Fisher’s ratio highly-ranked 20 quality parameters. The compounds 
that were selected from DFA analysis were, S-methyl thiobutyrate, ethyl hexanoate, (Z)-
hex-3-enyl acetate, 1-methylethyl hexanoate, mesifuranne, methyl octanoate, (E)-hex-2-
enyl butanoate, ethyl-1-hexyl acetate, -dodecalactone, ethyl butanoate and TSS. 
 
Considering the all three statistical methods, this study revealed that -dodecalactone, 
ethyl hexanoate, (E)-Hex-2-enyl butanoate, TSS, 1-methylethyl hexanoate, mesifurane, 
methyl octanoate, ethyl butanoate, S-methyl thiobutanoate were the most important 
compounds identified using the three statistical analysis (Fisher’s ratio, PCA and DFA) 
for ranking strawberries based on the consumer acceptance. However, sugar/acid ratio 
ranked high on Fisher’s ratio indicating a discrimination between 10-057-27 and Melba 
as well as PCA. Sugar/acid ratio indicates the sweetness of the strawberry hence it is an 
important parameter to measure the strawberry quality. Compounds that were selected 
based on the consumer preference belonged to esters, lactone and terpenoids. These 
compounds are responsible for the sweet and fruity, sweet and peach, and floral attributes, 
respectively.  
 
DFA generated from this study can be used as a predictor for new breeding-lines which 
can classify the strawberries depending on the consumer desirability. Molecular markers 
will only be useful to identify the chemical composition of the strawberries. Developing 
molecular marker for few compounds could be a difficult task to achieve. From the above 
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findings, it is clear that strawberry flavour depends on the combination of different 
compounds at different levels. DFA will predict the composition of breeding lines that 
will do better in the market.  
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5 
5. Conclusions and Future Directions 
 
A review of the current state of knowledge regarding the strawberry chemical and sensory 
profiles were examined in Chapter 1. Few gaps were identified through the review which 
included;  
 Insufficient flavour profiling of Australian strawberry cultivars. 
 Not enough understanding of the environmental effect and stability of flavour 
compounds and genotypes. 
 Lack of knowledge regarding consumer perception of Strawberry flavour and 
favourable compounds. 
There have been less studies conducted on the Australian-grown strawberries, however 
the understanding of the flavour compound development and consumer preference will 
significantly benefit the current breeding program. Finding the perfect strawberry is a 
challenging task as this incorporates different views of consumers, growers and supply 
chains. For instance, consumers prefer strawberries to have a consistent sweet flavour, 
good size and appearance, also to be low in cost. Growers would prefer the varieties that 
produce good flavour, size, appearance, pest and disease resistance and store well during 
post harvesting. Also growers would prefer varieties with high yield and productivity. In 
addition, supply chains may prefer to market strawberries that are able to transport well 
and have a long shelf-life. These three groups of people are considered to have the most 
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influence on how the perfect strawberry should be. The breeders are constantly trying to 
breed for varieties that satisfy the above expectations.    
 
This thesis covers the analysis of flavour compounds, sugars and acids in Australian-
grown strawberry genotypes, environmental influence on flavour attribute and 
understanding the chemical compounds that are responsible for consumer preference of 
certain strawberry genotypes. Through the work and findings presented, it is hoped that 
the scientific community and strawberry breeding programs would be able to use the 
techniques and methods to evaluate the consumer preference of strawberry volatile 
compounds and use the environmental data for breeding purposes. The objective of the 
study was to combine the knowledge of chemical profile, environmental and sensory 
information to underpin the requirements for the perfect strawberry.  
 
Albion and Juliette grown in Australia were previously profiled for their volatile 
composition, sugars and acids. Therefore, this study included more Australian-grown 
genotypes and advanced breeding lines to obtain a better understanding of the 
environmental effect on flavor development. In 2013-2014 season, the commercial 
cultivars Albion, Melba, San Andreas, Palomar and Camino Real were sampled whereas 
in 2014-2015 season both, commercial cultivars and advanced-breeding lines were 
included; namely, Albion, Melba, San Andreas, 10-004-168, 10-004-165, 10-057-27, 08-
029-80, 06-050-202 and 07-048-190. In both seasons, the strawberries were sampled for 
15 non-consecutive weeks and the same strawberries were used for sensory evaluation to 
understand the consumer preference. Depending on the genotype, certain volatile 
compounds, sugars and acid were affected by the environmental conditions. Furthermore, 
the hierarchical clustering based on the volatile compounds, sugars and acids implied an 
agreement with the available parentage information. Furthermore, the Australian 
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advanced-breeding lines consisted of favourable compounds which are stable in the 
Australian growing condition thus indicating the improvement of the breeding materials.  
 
Furthermore, the effect of environmental parameters was analysed. The variation of the 
volatile compounds, sugars and acids are explained using the genotype, environment and 
GxE interaction. It is difficult to identify specific environmental parameters or control the 
environment for better flavour as the strawberries are grown in open-fields. Therefore, 
this study intended to understand the genotypes that perform well in the Australian 
growing conditions. There have been no comprehensive studies on the strawberry 
genotype stability. Since this study included the highest number of Australian-grown 
strawberries and were sampled throughout the season, the genotype stability studies are 
more reliable. Furthermore, there are no published studies on consumer preference of 
strawberry flavour in Australian-grown strawberries. Analysis of the most and least 
consumer preferred strawberries revealed -dodecalactone, ethyl hexanoate, (E)-Hex-2-
enyl butanoate, TSS, 1-methylethyl hexanoate, mesifurane, methyl octanoate, ethyl 
butanoate, S-methyl thiobutanoate were important for consumer desirability. This study 
revealed that a combination of chemical compounds and sugars create better strawberries. 
Hence, developing molecular markers will be a challenging task for all these compounds. 
Our DFA equation generated using the most-liked and least-liked varieties may be used 
to predict the outcome of the breeding-lines. This may be used to classify the breeding-
lines according to their chemical profiles to understand how they will perform in the 
market.    
 
In addition to evaluating the flavour and flavour development of the Australian-grown 
strawberries, it would be useful to determine the nutraceutical compounds such as vitamin 
C, anthocyanin content and total antioxidant capacity in Australian-grown strawberries. 
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Furthermore, the findings provide details about the environmental and genotypic effects 
on flavour development on Australian-grown strawberries. These findings provide hope 
to breeders that there is opportunity for them to breed for varieties with improved flavour. 
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6 
6. Appendices 
 
 
Appendix  6-1. Analysis of variance calculated for the cultivars and/or advanced-
breeding lines for each chemical compounds throughout 2013-2014 season. 
 
Compounds F Sig. 
Isopropyl butyrate 5.116 0.002 
Methyl hexanoate 6.534 0.000 
Butyl butanoate 5.516 0.001 
Ethyl hexanoate 8.018 0.000 
Hexyl acetate 4.399 0.005 
(E)-Hex-2-enyl acetate 14.686 0.000 
Linalool 24.357 0.000 
Octanol acetate 5.207 0.002 
-decalactone 31.367 0.000 
Benzyl acetate 3.455 0.016 
(E)-Hex-2-enyl butanoate 4.497 0.004 
Mesifurane 2.736 0.041 
Hexyl butanoate 5.256 0.002 
Methyl octanoate 7.544 0.000 
TA 16.320 0.000 
TSS 4.946 0.002 
TSS/TA ratio 6.805 0.000 
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Appendix  6-2. Analysis of variance calculated for the cultivars and/or advanced-
breeding lines for each chemical compounds throughout 2014-2015 season. 
 
Compounds F Sig. 
Methyl butanoate 10.405 0.000 
Hexanal 4.426 0.000 
(E)-Hex-2-enal 7.229 0.000 
(E)-Hex-2-enol 2.564 0.015 
Hexan-1-ol 3.781 0.001 
3-methylbutyl acetate 19.575 0.000 
2-methylbutyl acetate 5.094 0.000 
S-methyl thiobutanoate 5.685 0.000 
Propyl butanoate 3.225 0.003 
Methyl hexanoate 21.518 0.000 
Butyl butanoate 6.170 0.000 
Hexyl butanoate 6.006 0.000 
Ethyl hexanoate 14.941 0.000 
(Z)-Hex-3-enyl acetate 2.157 0.040 
Hexyl acetate 6.882 0.000 
(E)-Hex-2-enyl acetate 9.200 0.000 
1-methylethyl hexanoate 2.239 0.033 
Mesifurane 5.876 0.000 
(E)-linalool oxide 9.743 0.000 
Linalool 52.290 0.000 
Methyl octanoate 13.296 0.000 
Benzyl acetate 4.238 0.000 
(E)-Hex-2-enyl butanoate 9.962 0.000 
Octanol acetate 17.959 0.000 
-terpinolene 12.666 0.000 
Ethyl 1-hexyl acetate 3.578 0.001 
Hexyl hexanoate 9.660 0.000 
N-octyl 2-methyl butyrate 3.031 0.005 
(E)-Nerolidol 19.836 0.000 
-dodecalactone 15.069 0.000 
Hexanoic acid 2.262 0.031 
Ethyl butanoate 4.121 0.000 
-decalactone 15.541 0.000 
TA 8.061 0.000 
TSS 4.438 0.000 
TSS/TA ratio 5.274 0.000 
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Appendix  6-3. Multiple linear regression to generate regression equations for quality parameters from 2014-2015 significantly influenced by 
environment. 
Compound (10-004-168) Regression Equation  RH Tair SM PAR Rainfall Tsoil 
3-methylmethyl 
butanoate 
3-methylmethyl butanoate = (2.58 +0.01 RH -0.14 Tair +0.01 SM - 03 PAR -
0.18 Rainfall)*** NS ** NS NS ***  
Octyl isobutyrate 
Octyl isobutyrate = (8.73 -0.09 RH -0.05 Tair +0.03 SM -0.01 PAR + 2s 
Rainfall)*** *** * *** *** NS  
Linalool Linalool = (-6.25 +0.08 RH +0.62 Tair -0.13 SM - 02 PAR -0.41 Rainfall)** NS * ** NS NS  
(E)-Nerolidol 
(E)-Nerolidol = (-5.57 -0.48 RH +2.80 Tair -0.44 SM +0.07 PAR +6.19 
Rainfall)*** NS *** ** * ***  
3-methylbutyl acetate 
3-methylbutyl acetate = (-6.66 +0.06 RH +0.24 Tair -0.08 SM + 4 PAR -0.05 
Rainfall)***  *** *** *** * NS  
Nonanal Nonanal = (0.29 +0.01 RH -0.01 Tair + 1 SM - 1 PAR -0.09 Rainfall)*** NS NS NS NS ***  
Ethyl hexanoic acid 
Ethyl hexanoic acid = (-2.32 +0.01 RH +0.07 Tair -0.01 SM + 1 PAR +0.04 
Rainfall)*** ** *** *** * ***  
α-terpinolene 
α-terpinolene = (-1.46 - 3 RH +0.11 Tair -0.01 SM + 01 PAR +0.04 
Rainfall)*** NS *** *** NS ***  
N-octyl 2-methyl 
butyrate 
N-octyl 2-methyl butyrate = (0.91 -0.01 RH -0.04 Tair + 3 SM + 03 PAR +0.05 
Rainfall)** NS NS NS NS *  
Hexyl butanoate 
Hexyl butanoate = (-0.16 -0.01 RH +0.03 Tair +0.01 SM + 03 PAR - 04 
Rainfall)*** NS NS * NS NS  
Hexyl hexanoate 
Hexyl hexanoate = (-1.02 + 2 RH +0.03 Tair + 1 SM + 1 PAR +0.02 
Rainfall)*** LS *** NS *** ***   
Hexyl acetate 
Hexyl acetate = (6.10 +0.02 RH -0.11 Tair +0.01 SM -0.01 PAR -0.26 
Rainfall)*** NS * NS *** ***  
Methyl hexanoate 
Methyl hexanoate = (-4.92 +0.01 RH -0.58 Tair +0.07 SM +0.03 PAR +0.19 
Rainfall)*** NS * NS ** NS  
Ethyl hexanoate 
Ethyl hexanoate = (-0.25 + 4 RH -0.06 Tair +0.01 SM + 3 PAR -0.08 
Rainfall)*** NS ** NS ** ***  
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1-methylethyl hexanoate 
1-methylethyl hexanoate = (1.12 -0.01 RH -0.03 Tair +0.01 SM + 03 PAR -
0.04 Rainfall)** NS NS NS NS NS  
Methyl octanoate 
Methyl octanoate = (-1.29 +0.01 RH + 5 Tair + 1 SM + 1 PAR +0.01 
Rainfall)*** NS NS NS ** NS  
Mesifurane 
Mesifurane = (31.18 -0.17 RH -1.27 Tair +0.13 SM +0.01 PAR -1.40 
Rainfall)*** *** *** *** ** ***  
TSS TSS = (17.81 -0.06 RH -0.95 Tair +0.18 SM +0.01 PAR +0.20 Rainfall)*** NS *** *** NS NS  
TSS/TA ratio 
TSS/TA ratio = (99.06 -1.00 RH -0.56 Tair +0.43 SM -0.05 PAR -0.73 
Rainfall)*** *** NS ***  * NS  
ɣ-dodecalactone 
ɣ-dodecalactone = (8.76 +0.02 RH -0.42 Tair +0.11 SM - 3 PAR +0.74 
Rainfall)*** NS NS * NS **  
S-methyl thiobutanoate 
S-methyl thiobutanoate = (-1.19 +0.01 RH -0.01 Tair - 1 SM + 1 PAR +0.01 
Rainfall)***  *** ** NS *** NS  
(E)-Hex-2-enyl butanoate 
(E)-Hex-2-enyl butanoate = (-0.23 -0.01 RH +0.03 Tair + 2 SM + 1 PAR -0.02 
Rainfall)*** * ** NS NS *  
Propyl hexanoate 
Propyl hexanoate = (0.42 -0.01 RH +0.04 Tair + 3 SM - 1 PAR +0.01 
Rainfall)*** *** *** *** *** ***  
Isopropyl butanoate 
Isopropyl butanoate = (5.19 -0.03 RH -0.17 Tair +0.02 SM - 02 PAR -0.22 
Rainfall)***  *** *** *** NS ***  
Methyl butanoate 
Methyl butanoate = (6.07 - 3 RH -0.56 Tair +0.05 SM +0.01 PAR -0.27 
Rainfall)*** NS *** *** *** ***  
Ethyl 1-hexyl acetate 
Ethyl 1-hexyl acetate = (-1.93 +0.01 RH +0.02 Tair - 3 SM + 1 PAR +0.03 
Rainfall)*** *** *** *** *** ***  
TA TA = (-1.69 +0.04 RH -0.03 Tair -0.01 SM + 2 PAR +0.01 Rainfall)*** *** NS * LS NS  
(E)-Hex-2-enal 
(E)-Hex-2-enal = (18.89 +0.28 RH -0.41 Tair +0.05 SM -0.04 PAR -1.38 
Rainfall)*** NS NS NS NS **  
(E)-Hex-2-enyl acetate 
(E)-Hex-2-enyl acetate = (4.54 +0.15 RH +0.37 Tair -0.03 SM -0.03 PAR -0.44 
Rainfall)*** ** ** NS *** **  
2-methylbutyl acetate 
2-methylbutyl acetate = (-0.69 +0.03 RH -0.03 Tair +0.02 SM - 2 PAR -0.04 
Rainfall)*** * NS ** NS NS  
Benzyl acetate Benzyl acetate = (-0.97 +0.01 RH -0.04 Tair - 1 SM + 4 PAR -0.12 Rainfall)*** NS * NS *** ***   
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(Z)-Hex-3-enyl acetate 
(Z)-Hex-3-enyl acetate = (2.82 -0.01 RH +0.04 Tair - 2 SM - 4 PAR -0.11 
Rainfall)*** NS * NS *** ***  
Hexan-1-ol Hexan-1-ol = (-1.98 +0.01 RH +0.05 Tair - 3 SM + 1 PAR +0.04 Rainfall)***  ** *** NS * ***  
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05) 
 
Compound (08-029-80) Regression Equation  
RH Tair Tsoil SM PAR 
Rainfal
l 
(E)-Hex-2-enyl butanoate 
(E)-Hex-2-enyl butanoate = (4.72-0.03 RH+0.29 Tair-0.22 Tsoil-
0.04 SM- 1 PAR-0.04 Rainfall)*** ** * NS *** NS NS 
Propyl hexanoate 
Propyl hexanoate = (2.61-0.01 RH+0.26 Tair-0.34 Tsoil+0.03 
SM+  PAR+0.02 Rainfall)* NS ** ** *** NS NS 
Methyl butanoate 
Methyl butanoate = (2.98+0.03 RH+0.70 Tair-0.64 Tsoil-0.07 
SM+ 2 PAR-0.12 Rainfall)*** NS  *** ** *** NS ** 
1-methylethyl hexanoate 
1-methylethyl hexanoate = (-0.19+0.01 RH+0.12 Tair-0.13 Tsoil-
0.01 SM+ 1 PAR-0.03 Rainfall)*** * * * * ** *** 
(E)-Hex-2-enyl acetate 
(E)-Hex-2-enyl acetate = (9.15-0.05 RH+2.10 Tair-2.02 
Tsoil+0.03 SM+ 1 PAR+0.18 Rainfall)*** NS *** *** NS NS * 
(Z)-Hex-3-enyl acetate 
(Z)-Hex-3-enyl acetate = (0.74+0.01 RH+0.27 Tair-0.27 Tsoil- 03 
SM- 02 PAR-0.02 Rainfall)*** NS *** *** NS NS NS 
Hexyl acetate 
Hexyl acetate = (1.96+0.01 RH+0.21 Tair-0.14 Tsoil-0.06 SM+ 
02 PAR+0.01 Rainfall)*** NS NS NS *** NS NS 
3-methylmethyl butanoate 
3-methylmethyl butanoate = (0.34+  RH+0.03 Tair-0.03 Tsoil+  
SM+  PAR+  Rainfall)* ** * * NS NS NS 
Methyl hexanoate 
Methyl hexanoate = (14.21+0.01 RH+2.53 Tair-2.56 Tsoil-0.12 
SM+0.01 PAR-0.10 Rainfall)*** NS *** *** ** * NS 
Octanol acetate 
Octanol acetate = (3.52- 04 RH-0.16 Tair+0.09 Tsoil-0.04 SM- 1 
PAR+0.08 Rainfall)***  NS NS NS * NS NS 
Octyl isobutyrate 
Octyl isobutyrate = (-1.33-0.10 RH-5.92 Tair+6.66 Tsoil-0.50 
SM-0.01 PAR-0.01 Rainfall)***  NS *** *** *** * NS 
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N-octyl 2-methyl butyrate 
N-octyl 2-methyl butyrate = (0.81+0.01 RH+0.05 Tair-0.08 Tsoil-
0.01 SM+ 1 PAR+0.02 Rainfall)** NS NS NS * NS NS 
Butyl butanoate 
Butyl butanoate = (-3.01+0.01 RH-1.81 Tair+2.13 Tsoil-0.16 SM-
0.01 PAR-0.20 Rainfall)*** NS *** *** *** *** *** 
Hexyl butanoate 
Hexyl butanoate = (-1.42+0.01 RH-0.93 Tair+1.14 Tsoil-0.13 
SM- 1 PAR-0.12 Rainfall)***  NS *** *** *** NS ** 
Hexyl hexanoate 
Hexyl hexanoate = (0.69+0.01 RH+ 1 Tair+0.01 Tsoil-0.03 SM+ 
1 PAR-0.01 Rainfall)**  NS NS NS ** NS NS 
Ethyl 4-ethoxy benzoate 
Ethyl 4-ethoxy benzoate = (1.12-0.01 RH+0.04 Tair-0.05 Tsoil- 1 
SM+  PAR-0.01 Rainfall)*** *** NS NS NS NS * 
Hexanoic acid 
Hexanoic acid = (-0.24- 2 RH+0.22 Tair-0.25 Tsoil+0.03 SM+ 1 
PAR+0.07 Rainfall)*  NS NS NS * NS * 
Methyl octanoate 
Methyl octanoate = (1.68-0.01 RH+0.08 Tair-0.09 Tsoil-0.01 SM- 
02 PAR+0.01 Rainfall)*** NS NS NS LS NS NS 
Mesifurane 
Mesifurane = (12.85- 2 RH+1.23 Tair-1.29 Tsoil-0.14 SM+ 5 
PAR-0.59 Rainfall)*** NS * LS ** NS *** 
TSS 
TSS = (15.27-0.09 RH-0.74 Tair+0.46 Tsoil+0.08 SM+ 2 PAR-
0.20 Rainfall)*** ** * NS ** NS ** 
TSS/TA ratio 
TSS/TA ratio = (30.90-0.29 RH-0.31 Tair-0.52 Tsoil+0.31 SM+ 
3 PAR+0.27 Rainfall)*** ** NS NS *** NS NS 
ɣ-dodecalactone 
ɣ-dodecalactone = (17.64+0.05 RH+2.07 Tair-3.00 Tsoil+0.09 
SM+0.01 PAR+0.11 Rainfall)*** NS *** *** * *** NS 
Propyl butanoate 
Propyl butanoate = (-1.07+0.01 RH+0.03 Tair+  Tsoil+ 4 SM+ 05 
PAR-0.01 Rainfall)LS NS NS NS NS NS NS 
Ethyl hexanoic acid 
Ethyl hexanoic acid = (0.34-0.01 RH+0.07 Tair-0.08 Tsoil+0.01 
SM+ 1 PAR+0.03 Rainfall)*** LS LS NS * NS *** 
(Z)-linalool oxide 
(Z)-linalool oxide = (-1.75+0.01 RH+0.07 Tair-0.04 Tsoil+ 4 
SM+ 1 PAR+0.07 Rainfall)***  NS NS NS NS NS ** 
ɣ-decalactone 
ɣ-decalactone = (-14.99-0.02 RH-2.27 Tair+2.84 Tsoil-0.09 SM- 
2 PAR-0.14 Rainfall)*** NS *** *** *** NS *** 
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Isopropyl butanoate 
Isopropyl butanoate = (-0.11+0.01 RH+0.04 Tair-0.03 Tsoil-0.03 
SM+ 1 PAR-0.06 Rainfall)*** ** NS NS *** ** *** 
Linalool 
Linalool = (-4.32+0.02 RH+1.53 Tair-1.26 Tsoil+0.04 SM+0.01 
PAR+0.32 Rainfall)*** NS * NS NS NS * 
α-terpinolene 
α-terpinolene = (2.20-0.02 RH+0.14 Tair-0.16 Tsoil+0.02 SM- 1 
PAR+0.02 Rainfall)*** *** ** ** *** ** ** 
(E)-Hex-2-en-1-ol 
(E)-Hex-2-en-1-ol = (1.62-0.02 RH+0.12 Tair-0.12 Tsoil+0.01 
SM+  PAR+0.02 Rainfall)*** *** ** * NS NS NS 
2-methylbutyl acetate 
2-methylbutyl acetate = (0.89-0.01 RH+0.06 Tair-0.06 Tsoil+  
SM- 1 PAR+  Rainfall)*** *** ** ** NS NS NS 
Benzyl acetate 
Benzyl acetate = (2.66+  RH+0.43 Tair-0.49 Tsoil+0.01 SM+ 1 
PAR-0.03 Rainfall)*** NS *** *** NS NS NS 
Hexan-1-ol 
Hexan-1-ol = (2.56-0.03 RH+0.16 Tair-0.16 Tsoil+0.01 SM- 1 
PAR+  Rainfall)***  *** *** ** NS ** NS 
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05) 
 
 
Compound (10-057-27) Regression Equation  
Tair SM 
Rainfal
l Tsoil PAR RH 
Methyl hexanoate (-7.40+1.06 Tair-0.21 SM+0.26 Rainfall)*** *** *** NS       
Hexanoic acid (-6.80+0.53 Tair-0.09 SM+0.16 Rainfall)*** *** *** NS       
(Z)-linalool oxide (-0.95+0.09 Tair-0.02 SM-0.02 Rainfall)*** *** *** *       
Hexyl butanoate (9.52-0.67 Tair+0.09 SM+0.61 Rainfall)*** *** *** ***       
Hexyl hexanoate (-1.14+0.07 Tair+ 3 SM-0.03 Rainfall)*** ** NS NS       
Hexyl acetate (1.51+0.03 Tair-0.03 SM+0.10 Rainfall)*** NS *** ***       
Propyl 3-acetyl propanoate (1.07-0.05 Tair+0.01 SM-0.16 Rainfall)*** *** *** ***       
Ethyl hexanoate (1.51+0.28 Tair+ 01 SM-1.10 Rainfall)*** * NS ***       
1-methylethyl hexanoate (-0.38+0.03 Tair-0.01 SM+0.06 Rainfall)*** *** *** ***       
Methyl octanoate (0.34-0.02 Tair+0.01 SM-0.01 Rainfall)*** *** *** *       
Mesifurane (24.87-1.24 Tair+0.18 SM-1.68 Rainfall)*** *** *** ***       
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(E)-Nerolidol (-38.06+4.15 Tair-0.83 SM+9.86 Rainfall)*** *** *** ***       
TSS to TA ratio (41.59-1.64 Tair+0.29 SM-4.00 Rainfall)*** *** *** ***       
g-dodecalactone (23.23-1.16 Tair+0.21 SM+0.74 Rainfall)***  ** *** *       
Ethyl butanoate (19.10-0.77 Tair+0.11 SM-2.04 Rainfall)*** ** ** ***       
(E)-Hex-2-enyl butanoate (-2.56+0.14 Tair+0.03 SM+0.24 Rainfall)*** ** *** ***       
Ethyl hexanoic acid (-0.38+0.03 Tair+0.01 SM-0.10 Rainfall)*** NS NS **       
Isopropyl butanoate (-0.55+0.11 Tair-0.02 SM-0.24 Rainfall)***  *** *** ***       
Methyl butanoate (8.66-0.25 Tair-0.02 SM+0.41 Rainfall)*** NS NS *       
a-terpinolene (0.31-0.02 Tair+0.01 SM-0.02 Rainfall)*** NS *** NS       
TA (-1.02+0.12 Tair-0.02 SM+0.15 Rainfall)*** *** *** ***       
(E)-Hex-2-enal (29.71-1.26 Tair+0.12 SM-2.47 Rainfall)***  ** * ***       
(E)-Hex-2-enyl acetate (1.34+0.32 Tair-0.15 SM+0.28 Rainfall)*** * *** NS       
Benzyl acetate (1.31-0.03 Tair+ 2 SM-0.13 Rainfall)*** NS NS ***       
(Z)-Hex-3-enyl acetate (2.36-0.15 Tair+0.02 SM+0.04 Rainfall)*** *** *** ***       
Nonanal (1.79-0.11 Tair+0.03 SM-0.09 Rainfall)*** * *** LS       
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05) 
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Compound (10-004-165) Regression Equation  
RH Tair SM PAR 
Rainfal
l Tsoil 
(Z)-Hex-3-enyl acetate 
(-8.48+0.05 RH+0.22 Tair-0.06 SM+0.01 PAR+0.02 
Rainfall)***  *** *** *** *** NS  
Nonanal (0.71-0.01 RH+0.07 Tair-0.01 SM- 1 PAR-0.09 Rainfall)*** * *** *** ** ***   
Hexanal 
(63.41-0.43 RH-0.22 Tair+0.05 SM-0.05 PAR-2.02 
Rainfall)*** *** *** *** *** ***   
(E)-Hex-2-en-1-ol (-6.68+0.02 RH+0.27 Tair-0.05 SM+ 4 PAR+0.07 Rainfall)*** *** *** *** *** ***   
(E)-Hex-2-enal 
(71.89-0.32 RH+0.68 Tair-0.38 SM-0.06 PAR-3.49 
Rainfall)*** *** *** *** *** ***   
Hexyl butanoate (1.86-0.01 RH-0.07 Tair+0.01 SM- 1 PAR+0.01 Rainfall)*** *** *** *** LS *   
Hexyl hexanoate (-1.46+0.01 RH-0.02 Tair- 2 SM+ 2 PAR+0.01 Rainfall)*** *** * NS *** NS   
Propyl hexanoate (1.00- 1 RH-0.02 Tair+0.01 SM- 1 PAR-0.03 Rainfall)*** NS * *** *** **   
Hexyl acetate 
(-12.43+0.12 RH+0.11 Tair-0.14 SM+0.02 PAR-0.05 
Rainfall)*** *** NS *** *** NS   
(E)-Nerolidol 
(-48.38+0.74 RH-1.20 Tair+0.50 SM+0.07 PAR+4.01 
Rainfall)*** *** *** *** *** ***   
Hexanoic acid (3.53- 2 RH-0.06 Tair+0.02 SM-0.01 PAR-0.09 Rainfall)*** NS * *** *** **   
Octanol acetate (4.14-0.03 RH-0.12 Tair+0.02 SM- 1 PAR+0.18 Rainfall)*** *** *** *** NS ***   
Octyl isobutyrate (9.17-0.06 RH-0.36 Tair+0.04 SM- 1 PAR+0.37 Rainfall)*** *** *** *** NS ***   
N-octyl 2-methyl butyrate (1.40-0.01 RH-0.06 Tair+ 5 SM+ 04 PAR+0.08 Rainfall)*** *** *** ** NS ***   
3-methylmethyl butanoate (2.19-0.01 RH-0.06 Tair+0.02 SM- 1 PAR-0.02 Rainfall)*** *** *** *** *** **   
Ethyl 4-ethoxy benzoate (4.36-0.04 RH-0.03 Tair+0.01 SM- 3 PAR-0.08 Rainfall)*** *** * *** *** ***   
Methyl hexanoate (11.28-0.03 RH-0.79 Tair+0.14 SM+ 4 PAR+0.88 Rainfall)*** NS *** *** NS ***   
Ethyl hexanoate (4.96-0.03 RH-0.23 Tair+0.03 SM+ 03 PAR+0.24 Rainfall)*** *** *** *** NS ***   
1-methylethyl hexanoate (-1.57+0.02 RH-0.02 Tair- 2 SM+ 2 PAR+0.01 Rainfall)*** *** ** NS *** NS   
Methyl octanoate (-0.02- 4 RH-0.03 Tair+ 3 SM+ 1 PAR+0.12 Rainfall)*** NS * NS * ***   
Mesifurane (-5.02+0.05 RH-0.23 Tair+  SM+0.01 PAR+0.23 Rainfall)*** *** *** NS *** ***   
3-methylbutyl acetate (-5.45+0.03 RH+0.16 Tair-0.03 SM+ 4 PAR+0.05 Rainfall)** NS *** ** * NS   
TSS 
(52.54-0.35 RH-0.74 Tair+0.18 SM-0.02 PAR-0.42 
Rainfall)***  *** *** *** *** ***   
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TSS/TA ratio 
(153.56-1.39 RH-0.62 Tair+0.51 SM-0.11 PAR-1.56 
Rainfall)*** *** NS *** *** ***   
g-dodecalactone (9.87-0.02 RH-0.25 Tair+0.19 SM-0.01 PAR+0.92 Rainfall)*** NS * *** ** ***   
Propyl butanoate (-2.58+0.02 RH- 4 Tair- 3 SM+ 3 PAR+0.02 Rainfall)*** *** NS NS *** NS   
(E)-Hex-2-enyl butanoate (-1.87+0.02 RH-0.09 Tair+0.01 SM+ 5 PAR+0.10 Rainfall)*** NS ** NS ** ***   
Ethyl hexanoic acid (-0.07-0.02 RH+0.10 Tair+0.01 SM- 1 PAR+0.03 Rainfall)** NS ** NS NS NS   
Isopropyl butanoate 
(10.35-0.07 RH-0.20 Tair+0.04 SM-0.01 PAR-0.15 
Rainfall)*** *** *** *** *** ***   
Methyl butanoate 
(22.68-0.11 RH-0.54 Tair+0.13 SM-0.01 PAR+0.09 
Rainfall)***  ** *** *** ** NS   
Linalool 
(-27.67+0.28 RH+0.37 Tair-0.15 SM+0.03 PAR-0.34 
Rainfall)*** *** ** *** *** *   
TA (-4.43+0.05 RH+0.01 Tair-0.02 SM+ 4 PAR+0.06 Rainfall)*** *** NS *** *** ***   
Benzyl acetate 
(20.97-0.21 RH+0.03 Tair+0.05 SM-0.02 PAR-0.33 
Rainfall)*** *** NS *** *** ***   
Hexan-1-ol (-1.78-0.04 RH+0.37 Tair-0.05 SM- 1 PAR+0.06 Rainfall)*** *** *** *** NS *   
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05) 
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Compound (07-048-190) Regression Equation  
RH Tair Tsoil  SM  PAR 
Rainfal
l 
Hexyl butanoate 
(-16.42+0.07 RH-0.87 Tair+1.48 Tsoil-0.04 SM- 3 PAR-0.31 
Rainfall)** NS * ** * NS * 
S-methyl thiobutanoate (0.44- 3 RH+0.05 Tair-0.06 Tsoil+ 1 SM+ 02 PAR+ 3 Rainfall)** NS ** ** NS NS NS 
Hexyl acetate 
(-18.50+0.12 RH-1.29 Tair+1.88 Tsoil-0.12 SM+ 2 PAR-0.28 
Rainfall)*** * *** *** *** NS * 
Propyl hexanoate 
(0.56+0.03 RH+0.39 Tair-0.52 Tsoil+0.02 SM+ 3 PAR-0.01 
Rainfall)*** NS *** *** *** * NS 
Methyl butanoate 
(24.98 -0.17 RH+1.55 Tair-1.45 Tsoil-0.03 SM-0.01 PAR+0.34 
Rainfall)** NS * * NS NS NS 
Linalool 
(113.05-1.17 RH+1.14 Tair-1.24 Tsoil-0.12 SM-0.05 PAR+2.94 
Rainfall)*** *** * LS *** *** *** 
N-octyl 2-methyl butyrate 
(-9.38+0.12 RH+0.24 Tair-0.25 Tsoil+ 3 SM+0.01 PAR-0.20 
Rainfall)*** *** * * NS *** *** 
(Z)-linalool oxide 
(3.13-0.03 RH-0.04 Tair+0.01 Tsoil+ 5 SM- 2 PAR+0.14 
Rainfall)* NS NS NS NS NS ** 
Methyl octanoate 
(3.40-0.03 RH+0.18 Tair-0.14 Tsoil- 2 SM- 3 PAR+0.02 
Rainfall)*** ** *** ** NS *** NS 
(E)-Nerolidol 
(75.60-0.20 RH-3.65 Tair+0.11 Tsoil+0.25 SM+0.03 PAR+0.97 
Rainfall)** NS NS NS NS NS NS 
3-methylbutyl acetate 
(3.70-0.04 RH+0.08 Tair-0.06 Tsoil-0.01 SM- 3 PAR+0.06 
Rainfall)*** *** * NS ** *** *** 
g-dodecalactone 
(-16.51+0.20 RH-0.55 Tair+0.31 Tsoil-0.02 SM+0.02 PAR-0.09 
Rainfall)*** ** * NS NS *** NS 
Octanol acetate 
(8.05-0.03 RH+0.58 Tair-0.64 Tsoil-0.01 SM- 2 PAR+0.01 
Rainfall)*** NS *** *** NS NS NS 
Butyl butanoate 
(-65.50+0.76 RH-1.60 Tair+1.48 Tsoil-0.11 SM+0.05 PAR-1.28 
Rainfall)*** *** *** ** *** *** *** 
Ethyl 4-ethoxy benzoate 
(3.63-0.04 RH+0.07 Tair-0.10 Tsoil+0.01 SM- 1 PAR+0.09 
Rainfall)*** *** NS LS ** * *** 
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Methyl hexanoate 
(45.87-0.43 RH+4.40 Tair-4.14 Tsoil+0.26 SM-0.03 PAR+0.74 
Rainfall)*** *** *** *** *** ** ** 
1-methylethyl hexanoate 
(0.53-0.01 RH+0.11 Tair-0.13 Tsoil- 1 SM+ 2 PAR+0.02 
Rainfall)*** NS * * NS * NS 
(E)-linalool oxide 
(1.80-0.02 RH-0.02 Tair+0.02 Tsoil-0.02 SM- 1 PAR+0.02 
Rainfall)*** * NS NS *** NS LS 
Mesifurane 
(6.63-0.05 RH-0.04 Tair-0.29 Tsoil-0.01 SM+0.01 PAR+0.03 
Rainfall)* NS NS NS NS NS NS 
TSS 
(-1.10+0.14 RH-0.64 Tair+0.25 Tsoil+0.04 SM+0.01 PAR-0.36 
Rainfall)*** *** *** NS *** *** *** 
TSS/TA ratio 
(21.76-0.07 RH+0.86 Tair-1.96 Tsoil+0.19 SM+0.03 PAR+0.49 
Rainfall)** NS NS NS ** NS NS 
Propyl butanoate 
(-5.59+0.11 RH+0.24 Tair-0.43 Tsoil+0.01 SM+0.01 PAR-0.11 
Rainfall)* * NS LS NS ** NS 
(E)-Hex-2-enyl butanoate 
(-3.12- 1 RH-0.22 Tair+0.32 Tsoil-0.01 SM+  PAR-0.05 
Rainfall)*** NS * ** ** NS NS 
Ethyl hexanoic acid 
(-1.31+  RH-0.20 Tair+0.23 Tsoil- 3 SM+ 01 PAR+0.03 
Rainfall)*** NS *** *** ** NS *** 
Isopropyl butanoate 
(1.09-0.01 RH+0.16 Tair-0.11 Tsoil-0.01 SM+ 03 PAR-0.01 
Rainfall)*** NS * NS ** NS NS 
a-terpinolene 
(4.21-0.04 RH+0.06 Tair-0.12 Tsoil+0.01 SM- 1 PAR+0.09 
Rainfall)***  *** NS * *** NS *** 
TA 
(0.09+0.01 RH-0.08 Tair+0.13 Tsoil-0.01 SM- 1 PAR-0.07 
Rainfall)*  NS NS NS LS NS NS 
Hexanal 
(1.07+0.03 RH-0.15 Tair-0.14 Tsoil+0.02 SM+0.01 PAR-0.04 
Rainfall)** NS NS NS NS NS NS 
Benzyl acetate 
(6.57-0.05 RH+0.33 Tair-0.42 Tsoil+ 3 SM- 03 PAR+0.08 
Rainfall)***  *** *** *** NS NS *** 
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05)  
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Compound (06-050-202) Regression Equation  
RH Tair Tsoil  SM PAR 
Rainfal
l 
Hexyl hexanoate 
(-1.00+0.01 RH-0.01 Tair-0.02 Tsoil+ 4 SM+ 1 PAR-0.02 
Rainfall)*** *** NS NS NS *** ** 
3-methylmethyl butanoate 
(30.04-0.31 RH+2.53 Tair-2.97 Tsoil+0.14 SM+ 4 PAR+0.25 
Rainfall)*** *** *** *** * NS NS 
Propyl 3-acetyl propanoate 
(4.68-0.06 RH+0.10 Tair-0.05 Tsoil+ 4 SM- 3 PAR-0.03 
Rainfall)* ** NS NS NS NS NS 
Ethyl hexanoate 
(-36.88+0.45 RH-0.85 Tair+0.23 Tsoil+0.27 SM+0.03 PAR-0.22 
Rainfall)* ** NS NS * * NS 
Hexanoic acid 
(-16.51+0.22 RH+0.17 Tair-0.20 Tsoil-0.08 SM+0.02 PAR-0.23 
Rainfall)*** *** NS NS *** *** *** 
1-methylethyl hexanoate 
(-7.08+0.10 RH-0.02 Tair-0.02 Tsoil-0.02 SM+0.01 PAR-0.07 
Rainfall)*** *** NS NS ** *** *** 
Methyl octanoate 
(-0.63+ 4 RH-0.06 Tair+0.08 Tsoil-0.01 SM+ 1 PAR+0.03 
Rainfall)*** NS NS NS NS LS *** 
Propyl butanoate 
(-0.06+0.02 RH+0.19 Tair-0.33 Tsoil+0.04 SM+ 2 PAR+0.03 
Rainfall)*** * LS ** *** ** NS 
Propyl hexanoate 
(-1.28+0.03 RH+0.16 Tair-0.29 Tsoil+0.05 SM+ 3 PAR+0.04 
Rainfall)*** ** NS * *** *** * 
Ethyl hexanoic acid 
(-0.93+0.01 RH-0.03 Tair+0.03 Tsoil+ 4 SM+  PAR+0.02 
Rainfall)** NS NS NS NS NS ** 
(Z)-linalool oxide 
(4.47-0.03 RH+0.34 Tair-0.31 Tsoil-0.02 SM- 1 PAR-0.02 
Rainfall)*** *** *** *** *** ** NS 
(E)-Hex-2-enyl acetate 
(16.34+0.06 RH+2.62 Tair-2.17 Tsoil-0.25 SM-0.01 PAR-0.34 
Rainfall)*** NS *** ** *** * ** 
2-methylbutyl acetate 
(1.52- 2 RH+0.22 Tair-0.22 Tsoil+ 1 SM- 1 PAR-0.03 
Rainfall)*** NS *** *** NS ** *** 
TSS to TA ratio 
(8.48-0.13 RH-0.45 Tair-0.45 Tsoil+0.40 SM+0.02 PAR+0.68 
Rainfall)** NS NS NS *** * ** 
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Ethyl 4-ethoxy benzoate 
(-1.53+0.01 RH+ 5 Tair-0.04 Tsoil+0.02 SM+ 2 PAR+0.05 
Rainfall)*** NS NS NS *** *** *** 
Methyl hexanoate 
(-12.16+0.27 RH+3.90 Tair-2.76 Tsoil-0.48 SM+0.04 PAR+0.10 
Rainfall)***  NS ** NS *** ** NS 
(E)-linalool oxide 
(-2.46+0.02 RH-0.05 Tair+0.03 Tsoil+ 3 SM+ 2 PAR+0.02 
Rainfall)*** *** NS NS NS *** * 
Mesifurane 
(1.17- 5 RH-0.04 Tair-0.12 Tsoil+0.03 SM+ 3 PAR-0.07 
Rainfall)* NS NS NS NS NS NS 
(E)-Nerolidol 
(103.45-0.94 RH-16.58 Tair+14.06 Tsoil+0.30 SM-0.07 
PAR+1.93 Rainfall)*** *** *** *** NS *** *** 
3-methylbutyl acetate (0.60- 5 RH+0.08 Tair-0.07 Tsoil+ 2 SM+  PAR-0.01 Rainfall)* NS * NS NS NS NS 
TSS 
(15.63-0.04 RH-0.77 Tair+0.03 Tsoil+0.12 SM+0.01 PAR-0.16 
Rainfall)***  NS * NS *** *** * 
g-dodecalactone 
(4.20-0.01 RH-1.90 Tair+1.34 Tsoil+0.18 SM- 4 PAR+0.09 
Rainfall)*** NS *** * *** NS NS 
Methyl butanoate 
(-19.49+0.18 RH-0.10 Tair+0.80 Tsoil-0.22 SM+0.01 PAR-0.23 
Rainfall)*** ** NS NS *** * NS 
Linalool 
(-3.46+0.11 RH+1.31 Tair-0.94 Tsoil-0.16 SM+0.01 PAR+0.24 
Rainfall)***  NS * NS ** * * 
a-terpinolene (0.06+ 3 RH-0.05 Tair +0.03 Tsoil+0.01 SM+  PAR+  Rainfall)** NS NS NS * NS NS 
TA 
(1.65+ 3 RH-0.02 Tair+0.01 Tsoil-0.02 SM- 1 PAR-0.05 
Rainfall)** NS NS NS ** NS *** 
(E)-Hex-2-en-1-ol 
(1.76-0.01 RH+0.25 Tair-0.22 Tsoil+  SM- 2 PAR-0.02 
Rainfall)*** NS *** ** NS *** NS 
(E)-Hex-2-enal 
(62.67-0.47 RH+7.11 Tair-6.58 Tsoil+0.03 SM-0.02 PAR-0.43 
Rainfall)*** ** *** *** NS NS NS 
Benzyl acetate 
(3.18- 4 RH+0.66 Tair-0.77 Tsoil+0.02 SM+ 3 PAR-0.03 
Rainfall)***  NS *** *** * ** NS 
(Z)-Hex-3-enyl acetate 
(-0.11+0.02 RH+0.37 Tair-0.30 Tsoil-0.01 SM- 1 PAR-0.08 
Rainfall)*** *** *** *** NS * *** 
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05) 
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Compound (Albion) Regression Equation  
Tair 
Rainfal
l RH Tsoil SM  PAR 
Hexanal (8.85+0.04 Tair+0.01 Rainfall-0.15 RH)** NS NS **      
Linalool (-13.13+0.74 Tair-0.29 Rainfall+0.15 RH)** ** NS NS       
Benzyl acetate (2.88-0.01 Tair+0.05 Rainfall-0.04 RH)** NS * ***       
(Z)-Hex-3-enyl acetate (-1.98+0.06 Tair-0.03 Rainfall+0.02 RH)*** *** * ***       
Nonanal (-1.31+0.05 Tair-0.01 Rainfall+0.01 RH)*** *** NS **       
g-dodecalactone (14.74-0.52 Tair-0.01 Rainfall- 5 RH)*** *** NS NS       
3-methylmethyl butanoate (-0.3-0.02 Tair+0.01 Rainfall- 1 RH)** *** NS NS    
Octyl isobutyrate (9.34-0.34 Tair+0.04 Rainfall-0.03 RH)*** *** NS NS       
Butyl butanoate (11.9-0.56 Tair-0.41 Rainfall+0.03 RH)** ** * NS       
Hexyl acetate (-0.68+ 4 Tair-0.07 Rainfall+0.03 RH)** NS ** ***       
Ethyl 4-ethoxy benzoate (-0.12+0.01 Tair+0.02 Rainfall- 1 RH)** * ** NS       
Methyl hexanoate (7.51+0.21 Tair-0.02 Rainfall-0.12 RH)** NS NS *       
Hexanoic acid (1.67-0.04 Tair-0.03 Rainfall-0.01 RH)* * NS NS       
1-methylethyl hexanoate (1.03-0.02 Tair-0.03 Rainfall-0.01 RH)*** ** *** **       
Methyl octanoate (-0.05+0.01 Tair-0.01 Rainfall+  RH)* NS * NS       
3-methylbutyl acetate (-0.30+0.01 Tair+0.01 Rainfall+ 1 RH)*** *** * NS       
TSS (20.26-0.18 Tair-0.06 Rainfall-0.13 RH)** * NS **       
Propyl butanoate (1.88+0.02 Tair-0.06 Rainfall-0.03 RH)* NS NS NS       
(E)-Hex-2-enyl butanoate (2.17-0.09 Tair-0.13 Rainfall+0.01 RH)* * ** NS       
Propyl hexanoate (0.81+0.03 Tair+0.01 Rainfall-0.02 RH)** * NS **       
(Z)-linalool oxide (-2.81+0.07 Tair+0.01 Rainfall+0.03 RH)** ** NS **       
Ethyl 1-hexyl acetate (-0.47-0.01 Tair-0.03 Rainfall+0.01 RH)** NS * **       
(E)-Hex-2-enal (-1.44+0.50 Tair-0.32 Rainfall-0.05 RH)** ** NS NS       
(E)-Hex-2-enyl acetate (-9.85+0.24 Tair-0.17 Rainfall+0.13 RH)** ** NS **       
2-methylbutyl acetate (0.10+0.01 Tair+0.01 Rainfall-0.01 RH)** ** LS *       
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05) 
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Compound (San Andreas) Regression Equation  
Tair 
Rainfal
l RH Tsoil SM  PAR 
Benzyl acetate (11.89-1.17 Tair+0.37 Rainfall-0.12 RH)*** * *** ***       
TSS to TA ratio (16.77-0.07 Tair+0.04 Rainfall-0.15 RH)LS NS NS *       
Hexanoic acid (-3.57+0.04 Tair-0.06 Rainfall+0.05 RH)* NS NS **       
Ethyl 4-ethoxy benzoate (1.00-0.02 Tair+0.02 Rainfall-0.01 RH)* LS * **       
Methyl hexanoate (-12.89+0.50 Tair+0.45 Rainfall+0.15 RH)** NS NS NS       
Propyl 3-acetyl propanoate (-1.27+0.06 Tair-0.05 Rainfall+ 4 RH)*** *** *** NS       
Methyl octanoate (-1.20+0.03 Tair+0.01 Rainfall+0.01RH)*** *** NS ***       
(E)-Nerolidol (44.84-2.46 Tair-0.24 Rainfall+0.4 RH)** * NS NS       
g-dodecalactone (11.15-0.33 Tair-0.14 Rainfall-0.02 RH)LS * NS NS       
Propyl butanoate (-1.39+0.10 Tair-0.05 Rainfall- 4 RH)*** *** *** NS       
Propyl hexanoate (-1.16+0.07 Tair-0.05 Rainfall+ 2 RH)** ** NS NS       
Ethyl hexanoic acid (1.43-0.02 Tair-0.01 Rainfall-0.01 RH)*** * NS ***       
Ethyl 1-hexyl acetate (-0.51+0.02 Tair+0.01 Rainfall+ 4 RH)*** ** NS **       
(E)-Hex-2-enyl acetate (1.24+0.26 Tair-0.27 Rainfall-0.03 RH)* NS NS NS       
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05) 
 
Compound (Melba) Regression Equation  
Tair 
Rainfal
l RH Tsoil SM  PAR 
2-methylbutyl acetate (-1.89+0.14 Tair+0.04 Rainfall- 2 RH)* ** NS NS       
(Z)-Hex-3-enyl acetate (-1.939+0.033 Tair-0.059 Rainfall+0.033 RH)LS NS NS **       
Nonanal (-3.247+0.103 Tair-0.090 Rainfall+0.034 RH)*** *** * **       
Ethyl 1-hexyl acetate (-0.892+0.019 Tair- 7 Rainfall+0.011 RH)*** ** NS ***       
Linalool (86.361-2.590 Tair-0.134 Rainfall-0.022 RH)** *** NS NS       
TSS (9.630-0.090 Tair-0.170 Rainfall+ 3 RH)* NS * NS       
Mesifurane (-2.420+0.244 Tair+0.068 Rainfall-0.025 RH)* ** NS NS       
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Methyl hexanoate (-8.223+0.726 Tair+0.346 Rainfall-0.043 RH)*** *** NS NS       
Octanol acetate (-0.439+0.017 Tair- 5 Rainfall+ 2 RH)** ** NS NS       
Ethyl hexanoate (-5.600+0.215 Tair-0.031 Rainfall+0.036 RH)*** *** NS LS       
Hexyl butanoate (0.208+  Tair- 5 Rainfall- 3 RH)LS NS NS NS       
3-methylmethyl butanoate (-2.33+0.20 Tair+0.42 Rainfall-0.03 RH)*** *** *** NS       
Hexanoic acid (-1.675-0.033 Tair-0.075 Rainfall+0.044 RH)** NS NS **       
g-dodecalactone (-3.205-0.033 Tair-0.252 Rainfall+0.083 RH)*** NS *** ***       
(E)-Hex-2-enyl butanoate (-0.326+0.039 Tair-0.034 Rainfall- 3 RH)* * NS NS       
Propyl hexanoate (-0.941+0.070 Tair-0.013 Rainfall- 3 RH)*** *** NS NS       
a-terpinolene (-4.359+0.113 Tair-0.147 Rainfall+0.054 RH)*** ** ** ***       
 
***Significant at p ≤  0.001; **Significant at 0.01 ≥ p  > 0.001; *Significant at 0.05 ≥ p  > 0.01; ns: not significant (p  > 0.05) 
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Appendix  6-4. Effect of genotype and the environment on genotype strawberry 
volatiles identifies 2013-2014 cultivars 
 
 
 
 
  
Compound 
F value (significance) Broad sense 
heritability Environment Genotype G x E 
Methyl butanoate 40.4 35.3 20.9 47% 
Ethyl butanote 145.6 45.3 41.5 24% 
Butyl acetate 105.7 111.9 36.1 51% 
Isopropyl butyrate 48.3 229.8 38.1 83% 
Propyl butanoate 46.0 35.3 30.8 43% 
Methyl hexanoate 33.1 226.7 42.3 87% 
Butyl butanoate 98.3 634.8 116.6 87% 
Ethyl hexanoate 155.9 259.3 28.3 62% 
Hexyl acetate 6.6 29.1 7.3 82% 
(E)-Hex-2-enyl acetate 148.2 1736.8 114.9 92% 
Octanol acetate 194.6 1025.4 235.4 84% 
Octyl butyrate 157.1 373.0 242.2 70% 
Butyl hexanoate 289.3 316.0 457.8 52% 
Octyl isobutyrate 86.4 141.3 125.5 62% 
Benzyl acetate 2.1 6.1 2.3 74% 
(E)-Hex-2-enyl butanoate 3.5 8.4 2.7 71% 
Propyl hexanoate 950.3 1340.3 538.0 59% 
Hexyl butanoate 63.5 160.2 126.5 72% 
Methyl octanoate 159.1 619.8 99.9 80% 
(E)-Nerolidol 26.7 34.1 13.1 56% 
(Z)-Linalool oxide 694.4 517.9 431.0 43% 
Linalool 53.2 807.7 23.0 94% 
-dodecalactone 49.0 159.4 79.3 76% 
-decalactone 10.5 305.6 9.1 97% 
Hexanal 63.6 1.9* 12.1 3% 
(E)-Hex-2-enal 813.9 567.4 177.0 41% 
Mesifurane 9.0 13.4 6.1 60% 
TA 56.8 165.6 24.2 74% 
TSS 255.9 475.4 43.3 65% 
TSS/TA ratio 153.9 330.1 31.2 68% 
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Appendix  6-5. Stability of chemical compounds using mean squares obtained for 
genotype and environment from analysis of variance (2014-2015). 
Stable compounds included; sugars, acids, linalool, octanol acetate, (E)-hex-2-enyl 
acetate, methyl hexanoate, hexyl acetate, -decalactone, octyl isobutyrate, benzyl 
acetate, butyl butanoate, -dodecalactone, (E)-hex-2-enyl butanoate, mesifurane and 
propyl butanoate 
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Appendix  6-6. Stability of chemical compounds using mean squares obtained for 
genotype and environment from analysis of variance (Melba, San Andreas and Albion 
sampled on 2013-2014 and 2014-2015). 
 
 
 
0
50
100
150
200
250
300
350
400
0 50 100 150 200 250 300 350 400
Ye
ar
 (
F 
ra
ti
o
)
Genotype (F ratio)
Methyl butanoate Ethyl butanote Isopropyl butyrate (E)-hex-2-enal
Propyl butanoate Methyl hexanoate Butyl butanoate Ethyl hexanoate
Hexyl acetate (E)-hex-2-enyl acetate Linalool 𝜸-decalactone
(E)- nerolidol 𝜸-dodecalactone Octyl isobutyrate Benzyl acetate
(E)-hex-2-enyl butanoate Hexanal Mesifuran (Z)-linalool oxide
Propyl hexanoate Hexyl butanoate Methyl octanoate Octanol acetate
TA TSS TSS/TA ratio Butyl acetate
Octyl butyrate 3-methyl methyl butanoate (E)-hex-2-enol Hexan-1-ol
2-methyl butyl acetate S-methyl thiobutyrate (Z)-hex-3-enyl acetate 1-methyl ethyl hexanoate
propyl-3-acetyl propanoate (E)-linalool oxide Nonanal Ethyl hexanoic acid
α-terpinolene Ethyl 1-hexyl acetate Hexyl hexanoate Ethyl 4-ethoxy benzoate
n-octyl 2-methyl butyrate Hexanoic acid
  183 
 
 
Appendix  6-7. Environmental stability plots for Melba, San Andreas and Albion 
sampled from 2013-2014 and 2014-2015 for -dodecalactone, mesifurane, (E)-hex-2-
enyl butanoate, sugars, acids and sugar/acid ratio. 
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Appendix  6-8. Calculated Fisher’s ratio of all the quality parameters between 10-057-
27 and Melba 
 
Compound Name 
Fisher's ratio between 
Melba and 10-057-27 
-dodecalactone 15.5 
Linalool 9.1 
Ethyl hexanoate 5.9 
(E)-Hex-2-enyl butanoate 4.7 
TSS 3.3 
(E)-Nerolidol 2.8 
1-methylethyl hexanoate 2.1 
(E)-Hex-2-enal 2.0 
(E)-Hex-2-enyl acetate 1.7 
Mesifurane 1.5 
TSS/TA ratio 1.4 
(Z)-Hex-3-enyl acetate 1.2 
(E)-linalool oxide 1.1 
-terpinolene 1.1 
Ethyl 1-hexyl acetate 1.1 
Methyl octanoate 1.0 
Ethyl butanoate 1.0 
TA 0.9 
2-methylbutyl acetate 0.9 
S-methyl thiobutanoate 0.9 
Hexyl acetate 0.8 
Hexyl hexanoate 0.8 
Propyl butanoate 0.7 
Methyl hexanoate 0.6 
Hexyl butanoate 0.6 
Propyl 3-acetyl propanoate 0.6 
(E)-Hex-2-en-1-ol 0.6 
Hexanal 0.5 
Benzyl acetate 0.5 
3-methylbutyl acetate 0.3 
Ethyl 4-ethoxy benzoate 0.3 
Butyl butanoate 0.3 
Propyl hexanoate 0.2 
Nonanal 0.2 
Hexanoic acid 0.1 
3-methylmethyl butanoate 0.1 
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Ethyl hexanoic acid 0.1 
Octanol acetate 0.1 
Methyl butanoate 0.1 
Isopropyl butanoate 0.0 
Hexan-1-ol 0.0 
(Z)-linalool oxide 0.0 
Octyl isobutyrate 0.0 
N-octyl 2-methyl butyrate 0.0 
-decalactone 0.0 
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Appendix  6-9. Consumer liking of genotypes sampled in 2014-2015 season (adopted 
from “Identification of Key Flavour Compounds in Strawberries That Drive Liking”) 
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Appendix  6-10. PCA plot of 10-057-27 and Melba based on all the quality parameters. 
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Appendix  6-11. PCA plot of 10-057-27 and Melba based on the liking. 
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Appendix  6-12. Melba and Week 14 Melba Independent sample t-test. 
 
Compound name 
Melba and Week 14 Melba 
F Significance  
2-methylbutyl acetate 5.452 0.025 
(E)-Hex-2-enyl acetate 5.512 0.024 
Mesifurane 6.013 0.019 
Linalool 4.008 0.052 
-terpinolene 4.231 0.046 
Ethyl 1-hexyl acetate 18.335 0.000 
TA 6.521 0.015 
TSS 4.582 0.038 
TSS/TA ratio 5.503 0.024 
t-test was performed at p=0.05 
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